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NATURAL RESOURCE ADAPTATION: 
PROTECTING ECOSYSTEMS AND ECONOMIES 


TUESDAY, FEBRUARY 25, 2014 

U.S. Senate, 

Committee on Environment and Public Works, 

Subcommittee on Oversight, 

Washington, DC. 

The subcommittee met, pursuant to notice, at 2:30 p.m. in room 
406, Dirksen Senate Building, Hon. Sheldon Whitehouse (chairman 
of the subcommittee) presiding. 

Present: Senators Whitehouse, Markey, Inhofe, Vitter, Sessions. 

OPENING STATEMENT OF HON. SHELDON WHITEHOUSE, 
U.S. SENATOR FROM THE STATE OF RHODE ISLAND 

Senator Whitehouse. The distinguished ranking member is on 
his way, so I will open with my opening statement. 

First of all, we will call the hearing to order and I will open with 
my opening statement. Then when Senator Inhofe arrives, if he is 
here at the conclusion of my opening remarks, he can give his. If 
not, I will interrupt the witness and allow whoever is speaking at 
the time to yield to my distinguished ranking member. 

We are here today for the committee to discuss the benefits that 
our American natural resources provide to us and the need for ad- 
aptation planning to protect these American resources in the face 
of climate change. I have been proud to work on this issue in recent 
years with former Senator Max Baucus. While Max is no longer 
here in the Senate, I am glad that this committee is meeting today 
to carry on this important work. From the beaches of Rhode Island 
to the glaciers of Montana, nature’s bounty provides us with life’s 
essentials: clean air and water, crops and timber, recreation and 
our outdoor heritage. Climate change threatens to rob us of these 
essentials. 

I have gone to the Senate floor now nearly 60 times to urge my 
colleagues to wake up to the facts of carbon pollution. But the fact 
of the matter is that even if we stop carbon pollution today, we still 
face decades of change in our air and water and temperatures and 
in extreme weather. 

So while we must take up the challenge to reduce greenhouse 
gas emissions, we must also begin to prepare and adapt and secure 
our natural resources against the changes that we cannot avoid. 
Status quo management and planning will not be good enough. A 
GAO report on the topic, citing several sources, says “Natural re- 
source management has historically been based on the idea of 
maintaining current environmental conditions, or restoring species 
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and habitats to some desired former condition. As the climate con- 
tinues to change,’* GAO concludes, “this approach will become in- 
creasingly more difficult, if not impossible to maintain.’* 

But adaptation to warming air and ocean temperatures to cata- 
strophic weather events, even to full ecosystem shifts, isn’t easy 
work. And the Federal, State and local leaders we entrust to pro- 
tect our property and our ecosystems are often constrained by out- 
dated laws and regulations. 

That is why Senator Baucus and I introduced the Safeguard 
America’s Future and the Environment Act, the SAFE Act, for 
short. It puts all climate adaptation tools and approaches on the 
table and would engage local stakeholders as well. As a first step, 
the SAFE Act requires adaptation planning and management ef- 
forts by Federal natural resources agencies, those that manage 
nearly 30 percent of land in the United States, as well as our ma- 
rine resources, like fisheries, and our exclusive economic zone that 
extends 200 miles from our shore. 

The Administration is already doing what it can on this front. 
The President’s climate action plan includes steps to prepare us for 
the effects of climate change. And he further focused the Adminis- 
tration’s adaptation efforts in an executive order he issued in No- 
vember. John Holdren, the Director of the White House Office of 
Science and Technology Policy, is here to update us on these ef- 
forts, as well as the science behind what we are seeing and why 
strategic adaptation planning is so necessary in the face of climate 
change. 

The executive order builds on the first national fish, wildlife and 
plants adaptation strategy which Congress requested in 2009 and 
the Administration released last March. I look forward to hearing 
from Fish and Wildlife Service Director Dan Ashe about implemen- 
tation plans for the strategy as well as other adaptation measures 
being championed by the Service. 

I would also like to thank the witnesses on our second panel who 
will provide much-needed perspective on what is happening outside 
of Washington. In particular, I want to recognize Chris Brown, 
President of the Rhode Island Commercial Fishermen’s Association. 
Chris’s livelihood depends on the oceans. Sadly, our oceans are be- 
coming ground zero for damage from carbon pollution. The oceans 
are warming. That is a measurement, not a theory. Sea level is ris- 
ing. That is another measurement. Oceans are becoming more acid- 
ic. Again, a measurement, not a theory. 

These changes are already affecting marine life. Some species are 
moving northward and southward toward the colder water of the 
poles, as quickly as 10 to 45 miles per decade. Events that are 
timed for spring or summer, like egg-laying or migration, are hap- 
pening several days earlier each decade. More acidic waters caused 
a 70 to 80 percent loss of oyster larvae at a hatchery in Oregon and 
crashed wildstocks in Washington State. 

In Rhode Island, Narragansett Bay has seen an overall increase 
in annual water temperature of between 3 and 4 degrees since 
1960. According to Christopher Deacutis, the previous chief sci- 
entist of the Narragansett Bay estuary program, **Fish species in 
Narragansett Bay are shifting, seemingly in step with increased 
temperatures.’* UI Professor Jeremy Colley and others have shown 
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that coldwater marine species such as the winter flounder, which 
used to be the dominant fish species in the Bay, are radically de- 
creasing in numbers. Meanwhile, warmer water species such as 
summer flounder, scup and butterfish seem to be increasing. As 
fish species shift, either farther north or farther offshore, our fish- 
eries management strategies are going to have to keep up and so 
is our science. We need to understand how environmental condi- 
tions are changing to better predict how species will react and how 
to manage them for the benefit of our fishermen. 

I am grateful that Chris is here to remind us that in addition to 
our national parks, forests and land species, our oceans and coasts 
and fisheries and the economies they support are also jeopardized 
by climate change. We must prepare for the changes that are com- 
ing and as well do everything we can to prevent future changes 
from carbon pollution. 

I look forward to today’s discussion, and before we turn to the 
witnesses, let me turn to our distinguished ranking member. 

[The prepared statement of Senator Whitehouse follows:] 

Statement of Hon. Sheldon Whitehouse, U.S Senator 
FROM THE State of Rhode Island 

Today the Committee will discuss the benefits our American natural resources 
provide and the need for adaptation planning to protect these American resources 
in the face of climate change. 

I have been proud to work on this issue in recent years with former Senator Max 
Baucus, and while he is no longer here in the Senate, I’m glad the Committee is 
meeting today to carry on his important work. From the beaches of Rhode Island 
to the glaciers of Montana, nature’s bounty provide us with life’s essentials: clean 
air and water, crops and timber, recreation and our outdoor heritage. Climate 
change threatens to rob us of these essentials. 

I’ve gone to the Senate floor now nearly 60 times to plead with my colleagues to 
wake up to the facts of carbon pollution. The fact of the matter is that even if we 
stop carbon pollution today, we still face decades of changes in air and ocean tem- 
peratures and extreme weather. So while we must take up the challenge to reduce 
greenhouse gas emissions, we must also begin to adapt, and secure our natural re- 
sources against the changes we cannot avoid. 

Status quo management and planning will not be good enough. A GAO report on 
the topic, citing several sources, says, “natural resource management has histori- 
cally been based on the idea of maintaining current environmental conditions or re- 
storing species and habitats to some desired former condition. As the climate con- 
tinues to change, this approach will become increasingly more difficult if not impos- 
sible to maintain. ” 

But adaptation — to warming air and ocean temperatures, to catastrophic weather 
events, even to full ecosystem shifts — isn’t easy work, and the Federal, State and 
local leaders we entrust to protect our property and our ecosystems are often con- 
strained by outdated laws and regulations. That’s why Senator Baucus and I intro- 
duced the Safeguarding America’s Future and the Environment Act. The SAFE Act, 
for short, puts all climate adaptation tools and approaches on the table, and would 
engage local stakeholders as well. 

As a first step, the SAFE Act requires adaptation planning and management ef- 
forts by Federal natural resource agencies. The Federal Government manages near- 
ly 30 percent of land in the United States as well as marine resources, like fisheries, 
in our exclusive economic zone that extends 200 miles from our shore. 

The Administration is already doing what it can on this front. The President’s Cli- 
mate Action Plan includes steps to prepare us for the effects of climate change and 
he further focused the Administration’s adaptation efforts in an Executive Order he 
issued in November. John Holdren, the Director of the White House Office of 
Science and Technology Policy, is here to update us on these efforts, as well as the 
science behind what we’re seeing and why strategic adaptation planning is so nec- 
essary in the face of climate change. 

The Executive Order builds on the first National Fish, Wildlife and Plants Adap- 
tation Strategy, which Congress requested in 2009 and the Administration released 
last March. I look forward to hearing from Fish and Wildlife Service Director Dan 
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Ashe about implementation plans for the Strategy as well as other adaptation meas- 
ures being championed by the Service. 

I’d also like to thank the witnesses on our second panel, who will provide a much 
needed perspective on what is happening outside of Washington. I especially want 
to recognize Chris Brown, President of the Rhode Island Commercial Fishermen’s 
Association. 

Chris’s livelihood depends on the oceans. Sadly, our oceans are becoming ground 
zero for damage from carbon pollution. The oceans are warming. That’s a measure- 
ment, not a theory. Sea level is rising. That’s another measurement. Oceans are be- 
coming more acidic. Again, a measurement, not a theory. 

These changes are already affecting marine life. Some species are moving toward 
the colder water of the North and South Poles, as quickly as 10 to 45 miles per dec- 
ade. Events that are timed for spring and summer, like egg laying or migration, are 
happening about 4 days earlier per decade. More acidic waters caused a 70-80 per- 
cent loss of oyster larvae at a hatchery in Oregon and crashed wild stocks in Wash- 
ington State. 

In Rhode Island, Narragansett Bay has seen an overall increase in annual water 
temperature of between 3 and 4 degrees since 1960. According to Christopher 
Deacutis, the previous Chief Scientist of the Narragansett Bay Estuary Program: 

“Fish species in Narragansett Bay are . . . shifting, seemingly in step with in- 
creased temperatures. [URI Professor] Jeremy Collie and others have shown that 
cold-water marine species such as the winter flounder, which used to be the domi- 
nant fish species in the bay, are radically decreasing in numbers. Meanwhile, warm- 
er-water species such as summer flounder, scup and butterfish seem to be increas- 
ing.” 

As fish species shift, either farther north or farther offshore, our management 
strategies are going to have to keep up and so is our science. We need to understand 
how environmental conditions are changing to better predict how species will react 
and how to manage them for the benefit of our fishermen. 

I’m grateful that Chris is here to remind us that in addition to our national parks, 
forests, and land species, our oceans and coasts and the economies they support are 
also jeopardized by climate change. We must prepare for the changes that are com- 
ing and do everything we can to prevent future changes from carbon pollution. 

I look forward to today’s discussion. 

OPENING STATEMENT OF HON. JAMES M. INHOFE, 

U.S. SENATOR FROM THE STATE OF OKLAHOMA 

Senator Inhofe. Thank you, Mr. Chairman. I don’t agree, but 
let’s 

Senator Whitehouse. You weren’t expected to. 

[Laughter.] 

Senator Inhoee. Last month during the hearing on the climate 
action plan, I spent the bulk of my time raising concerns about the 
Environmental Protection Agency’s rollout of its greenhouse gas 
regulations, which I found to be alarmingly hypocritical. On the 
one hand, the Administration says these regulations are urgently 
needed. On the other hand, the EPA intentionally delayed the 
rule’s publication to prevent it from being implemented prior to the 
mid-term elections this fall. This is kind of reminiscent of the last 
elections that we had. 

Does anyone other than me care that fewer, and I understand, 
and I say to my good friend, and we are good friends, that while 
I don’t agree on this, neither do the majority of the people in the 
U.S. Senate or in the House. Because they can’t get more than 35 
votes, is all you can get today, a bill to legislatively allow the EPA 
to regulate greenhouse gases. We know this is true, we have been 
there before. So now they are trying to do what they couldn’t do 
with legislation through regulation. And the cost of these is pretty 
alarming. 

Now, what is more concerning is that there is similar behavior 
taking place across the government, including the Fish and Wildlife 
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Service, the bald eagle, the Golden Eagle Protection Act passed in 
1940, and it protects our national bird from hunting, poaching and 
other activities that could harm it. The Act states that without a 
permit, it is illegal to take, possess or sell or purchase any bald 
eagle. Wind turbines, with their massive blades, kill an estimated 
1.4 million birds a year as the turbines spin through the air. Some 
of these casualties have been protected birds like the bald eagle. 

Federal law stipulates that the illegal killing of bald eagles be 
punished with fines and/or jail sentences. But this won’t be the 
case for the wind industry. On December 6th of 2013, the Adminis- 
tration said that it would begin granting waivers to wind farm op- 
erators so that they would be aWe to kill bald eagles for a period 
of 30 years without fear of any retribution. That is pretty shocking. 

While I am not particularly bothered by the fact that permits are 
being offered, I am extremely concerned by the systematic practices 
of this Administration to use its powers to help its friends in re- 
newable energy, while punishing its enemies developing traditional 
fossil fuels. Other species receive similar protections to the bald 
eagle under the Endangered Species Act. One covered species is the 
American burrowing beetle, many of which are located in eastern 
Oklahoma. For the past 2 years, eastern Oklahoma has been with- 
out a general conservation plan making it illegal to engage in near- 
ly all activities that could disturb the ABB. 

Despite repeated attempts by my office, the State of Oklahoma 
and dozens of private entities, we have not managed to get any- 
thing out of the Service. This is a big deal, because many compa- 
nies are planning to build new neighborhoods, develop new oil and 
gas wells and construct new pipelines, but because of the GCP, its 
effect is not final, they can’t do it. When this is compared to the 
new permits the Service may offer the wind industry, I can’t think 
but that this is a startling double standard. 

Justice is supposed to be blind. Treatment of different industries 
is supposed to be equal under the law, including the energy indus- 
try. And while the President says that he has an all of the above 
energy strategy, evidence shows whether the EPA or the Fish and 
Wildlife Service, that its real strategy is focused primarily on re- 
stricting traditional fossil fuels while assisting the development of 
renewables. 

This favoritism also extends to the way the government thinks 
about the adaptability of our Nation to changing circumstances. Re- 
newable energy requires massive amounts of land to make very 
small quantities of power. But the government seems to ignore this 
fact. One recently constructed solar farm takes up five square miles 
but only makes enough electricity to power 140,000 homes. By con- 
trast, a typical natural gas powered plant may in total take up only 
half of a square mile, but can generate enough power to support 
over a million homes. 

So despite the true impacts of renewables on the environment, 
the Administration continues to turn a blind eye to them. It is my 
hope that during this hearing we will be able to uncover some of 
the facts and provide a better framework for comparing the relative 
benefits and costs of the different forms of energy. 

Again, I would just repeat what I said earlier, ever since the 
Kyoto Treaty, I say to our Chairman, we have gone through this 



6 


thing. I can recall the first bill to be introduced was not really a 
Democrat bill, it was the McCain-Lieberman bill. It was soundly 
defeated, and this was 12 years ago. There have been several oth- 
ers, one by a new member of this committee that I am sure will 
be here, my very good friend from Massachusetts. And they have 
not been able to get enough votes to even get a third of the vote 
out of the Senate and less than a third in the House. 

So there is something wrong with the system, I say to my chair- 
man, that we are able to go ahead and do through regulation what 
they have tried over and over again for 12 years to get through leg- 
islation unsuccessfully. 

Thank you, Mr. Chairman. 

[The prepared statement of Senator Inhofe follows:] 

Statement of Hon. James M. Inhofe, U.S. Senator 
FROM THE State of Oklahoma 

Mr. Chairman, thank you for holding this hearing today. It is important for us 
to conduct oversight on all aspects of the President’s Climate Action Plan to uncover 
the impact it will have on our Nation. 

Last month, during a hearing on the Climate Action Plan, I spent the bulk of my 
time raising concerns with the Environmental Protection Agency’s rollout of its 
greenhouse gas regulations, which I found to be alarmingly hypocritical. On the one 
hand, the Administration says these regulations are urgently needed; on the other, 
the EPA intentionally delayed the rule’s publication to prevent it from being imple- 
mented prior to the midterm elections this fall. 

And does anyone other than me care that fewer than 35 percent of the members 
of either the House or the Senate would even vote in favor of legislation granting 
EPA the authority to regulate greenhouse gases? And yet we continue to spend 
countless time debating the issue. 

This is alarming, but what’s more concerning is that I see similar behavior taking 
place across the government, including at the Fish and Wildlife Service. 

The Bald Eagle and Golden Eagle Protection Act, passed in 1940, protects our na- 
tional bird from hunting, poaching, and other activities that could harm it. The act 
states that without a permit, it is illegal to “take, possess, sell, [or] purchase” any 
bald eagle. 

Wind turbines, with their massive blades, kill an estimated 1.4 million birds per 
year as their turbines spin through the air. Some of these casualties have been pro- 
tected birds like the bald eagle. 

Federal law stipulates that the illegal killing of bald eagles be punished with fines 
and/or jail sentences, but this won’t be the case for the wind industry. On December 
6, 2013, the Administration said that it would begin granting waivers to wind farm 
operators so that they would be able to kill bald eagles for a period of 30 years with- 
out fear of any retribution. 

While I’m not particularly bothered by the fact that the permits are being offered, 
I am extremely concerned by the systematic practices of this Administration to use 
its powers to help its friends in renewable energy while punishing its enemies devel- 
oping traditional fossil fuels. 

Other species receive similar protections to the Bald Eagle under the Endangered 
Species Act. One covered species is the American Burying Beetle (ABB), many of 
which are located in Eastern Oklahoma. 

For the past 2 years. Eastern Oklahoma has been without a General Conservation 
Plan, making it illegal to engage in nearly all activities that could disturb the ABB. 

Despite repeated attempts by my office, the State of Oklahoma, and dozens of pri- 
vate entities, we have not managed to get anything out of the Service. This is a big 
deal because many companies are planning to build new neighborhoods, develop 
new oil and gas wells, and construct new pipelines, but because the GCP is not 
final, they cannot do it. 

when this is compared to the new permits the Service may offer wind industry, 
I can’t help but think this is a startling double standard. 

Justice is supposed to be blind. Treatment of different industries is supposed to 
be equal under the law, including the energy industry. And while the President says 
that he has an all-of-the-above energy strategy, evidence shows — whether at EPA 
or the Fish and Wildlife Service — that his real strategy is focused primarily on re- 
stricting traditional fossil fuels while assisting the development of renewables. 
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This favoritism also extends to the way the government thinks about the adapt- 
ability of our nation to changing circumstances. Renewable energy requires massive 
amounts of land to make very small quantities of power, but the government seems 
to ignore this fact. One recently constructed solar farm takes up 5 square miles but 
only makes enough electricity to power 140,000 homes. By contrast, a typical nat- 
ural gas power plant may, in total, take up only a half square mile but can generate 
enough power to support over one million homes. 

Despite the true impacts of renewables on the environment, the Administration 
continues to turn a blind eye to them. It’s my hope that during this hearing, we’ll 
be able to uncover some of these facts and provide a better framework for comparing 
the relative benefits and costs of different forms of energy. 

Senator Whitehouse. Always glad to hear from the ranking 
member. Some would say that the problem is the problem with 
Congress. That is one that elections will cure, with any luck. 

Senator Inhofe. I do agree with that. 

Senator Whitehouse. Now we have Dr. Holdren, who is the As- 
sistant to the President for Science and Technology and the Direc- 
tor of the White House Office of Science and Technology Policy. He 
is also the co-chair of the President’s Council of Advisors on Science 
and Technology. 

He has served previously as a member of the President’s Council 
of Advisors on Science and Technology during the Clinton adminis- 
tration and also chaired studies for President Clinton on pre- 
venting theft of nuclear materials, disposition of surplus weapon 
plutonium, the prospects of fusion energy, U.S. energy R&D strat- 
egy and international cooperation on energy technology innovation. 
He holds advanced degrees in aerospace engineering and theo- 
retical plasma physics — hurts my head just to say that — from MIT 
and Stanford. 

Dr. Holdren, welcome and thank you. Then we will turn to Mr. 
Ashe. 

STATEMENT OF HON. JOHN P. HOLDREN, PH.D., DIRECTOR, 

OFFICE OF SCIENCE AND TECHNOLOGY POLICY, EXECUTIVE 

OFFICE OF THE PRESIDENT 

Mr. Holdren. Thank you. Chairman Whitehouse, Ranking Mem- 
ber Inhofe. I am certainly pleased to be here today to discuss with 
you the Federal Government’s ongoing work to inform and support 
climate change preparedness and resilience in communities across 
America. 

Few environmental factors affect our Nation’s economy, commu- 
nities and ecosystems more than weather and climate. Severe 
weather and climate change poses important risks to human 
health, safety, livelihoods and property. In 2012 alone, the National 
Oceanic and Atmospheric Administration’s National Climate Data 
Center identified 11 weather-related events in the United States 
that each resulted in losses exceeding a billion dollars, totaling 
$110 billion in damages and 377 deaths across the entire year. 

And we are all acutely aware that the severe drought currently 
afflicting California and other areas of the southwest is having im- 
portant impacts on agriculture, ranching, water resource manage- 
ment and other critical sectors of the region’s economy. 

Scientifically, one cannot say that any single episode of extreme 
weather, no storm, no flood, no drought, was caused by climate 
change. What scientists can say is that global climate has been so 
extensively impacted by the human-caused buildup of greenhouse 
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gases that many such events are being influenced by climate 
change. Any effective effort to boost climate preparedness will re- 
quire anticipating and planning for changes in the frequency, in- 
tensity and locations of some kinds of extreme weather and climate 
events as well as for other changes, such as the continuing rise of 
sea level. 

Strengthening America’s climate resilience also requires a full 
understanding of how climate change is affecting the health of our 
environment and natural resources and what can be done to plan 
and prepared for such changes. As you pointed out in your opening 
statement. Senator Whitehouse, ecosystems provide a range of im- 
portant benefits to people, including protection of coastal areas, 
clean drinking water and opportunities for commerce, tourism and 
recreation. 

Some of the Nation’s ecosystems have been depleted or degraded 
due to non-climatic factors, pollution, over-harvesting, changes in 
land use, that have reduced the ability of these systems to provide 
benefits to people. But these benefits are further threatened by cli- 
mate change, the impacts of which include widespread changes in 
the Nation’s habitats and ecosystems. Certain commercial fish spe- 
cies are moving northward along the east coast as waters warm. 
The timing of some biological events, such as flowering and migra- 
tion, is shifting in regions across the Country. Decreases in rainfall 
and snow pack in the west are reducing the health and produc- 
tivity of forests and agricultural systems alike. 

The President’s climate action plan, released last June, provides 
a roadmap for Federal action to meet the pressing challenges that 
come with climate change, including concrete actions that can be 
taken to boost the resilience and preparedness of American commu- 
nities. These actions build on work already completed or underway, 
including a number of Federal interagency climate adaptation 
strategies related to freshwater resources, fish, wildlife and plants 
and marine resources. 

The plan also recognizes the need to ensure that the best science, 
research, data, tools and technologies are brought to bear in imple- 
menting all climate preparedness and resilience efforts. The White 
House Office of Science and Technology Policy is working with 
partners within and outside government to meet this challenge and 
to meet the growing demand among decisionmakers on the ground 
for accessible and actionable information to inform their efforts to 
plan and prepare for climate change. 

I thank the committee for its support and interest in this issue, 
and I look forward to continuing to work with you. I will be pleased 
to take any questions that you may have. 

[The prepared statement of Dr. Holdren follows:] 
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statement of Dr. John P. Holdren 
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Chairman Whitehouse, Ranking Member Inhofe, and Members of the Subcommittee, I am pleased to be 
here with you today to discuss the efforts of the Federal Government to inform and support climate 
preparedness and resilience across the Nation. 

Few environmental factors affect our economy, livelihoods, and ecosystems more than weather and 
climate. Severe weather, climatic extremes, and climate change pose risks to human health, safety, and 
property. In 2012, the National Oceanic and Atmospheric Administration {NOAA)’s National Climatic 
Data Center identified eleven weather or climate events that each resulted in losses exceeding $1 billion 
in the U.S., totaling $110 billion in damages and 377 deaths across the entire year. The damage caused 
by Hurricane/Post-tropical Cyclone Sandy (Sandy) alone was estimated at over $65 billion, and damages 
from drought in 2012 totaled approximately $30 billion. The severe drought currently affecting California 
and other areas of the Southwest is impacting critical economic sectors, such as agriculture, ranching, and 
water resource management. 

People and property have always been vulnerable to extreme events, but recent trends are making many 
of those vulnerabilities worse. Sea-level rise is increasing the height of storm surge that hits coastal 
communities during hurricanes. More frequent episodes of extreme heat are leading to increased 
vulnerability to heat stroke and deaths; the very young, the very old, the sick, and the poor are particularly 
vulnerable. Disruption and failure of critical transportation, energy, and telecommunications 
infrastructure is occurring due to extreme heat and severe storms. Wildfires in the American West, while 
subject to much year-to-year variability, are on a long-term upward trend, imperiling homes, businesses, 
and forests already weakened by drought and outbreaks of pine bark beetles that also are related to 
climate. 

Scientifically, one cannot say that any single episode of extreme weather — no storm, no flood, no 
drought — was caused by climate change; but the global climate has been so extensively impacted by the 
human-caused buildup of greenhouse gases that many such events are being influenced by climate 
change. Effective climate-preparedness efforts will require anticipating and planning for changes in the 
frequency, intensity, and locations of some kinds of extreme events, as well as for more gradual changes 
such as the continuing rise of sea level and movement of the geographic ranges of pests and pathogens. 

The health of the U.S. economy rests on many pillars, and one of those pillars — of particular relevance to 
the jurisdiction of the Committee — is the health of our natural environment and the resources it provides. 
Ecosystems provide many benefits to people, including coastal protection, clean water, and opportunities 
for commerce, tourism, and recreation. Resilient ecosystems have the ability to enhance resilience of 
communities to extreme weather and climate. For example, salt marshes, sand dunes, and barrier islands 
can serve as “nature’s defenses,” helping to shield adjacent homes and businesses from storm surge and 
coastal flooding. Many ecosystems have already been depleted or degraded due to non-climatic factors. 
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such as pollution, overharvesting, and changes in land use, reducing the ability of these systems to 
provide benefits to people. 

These benefits are further threatened by the impacts of climate change, which are leading to widespread 
changes in the nation’s habitats and ecosystems. Certain commercial fish species are moving northward 
along the East Coast as waters warm. Acidifying ocean waters threaten the viability of shellfish 
aquaculture operations in the Pacific Northwest. The timing of biological events, such as flowering and 
migration, is shifting in regions across the country. Warming spring seasons in Alaska have affected the 
location and availability of plant species that caribou feed on. Decreases in rainfall and snowpack in the 
West are reducing the health and productivity of forests and agricultural systems and threatening the 
survival of endangered salmon runs. Climate change presents an additional challenge that natural 
resource managers must address to ensure the health of ecosystems for centuries to come. 

Climate Preparedness and Resilience Efforts 

Responding to climate change is an urgent public health, safety, national security, and environmental 
imperative. The President’s Climate Action Plan, released in June 2013, provides a roadmap for Federal 
action to meet the pressing challenges of a changing climate through cutting carbon pollution, preparing 
the United States for the impacts of climate change, and leading international efforts to address global 
climate change. The Plan acknowledges the reality that even as we work to avoid dangerous climate 
change, we must strengthen America’s resilience to the climate impacts we are already experiencing - 
and those that can no longer be avoided. Today, i will focus primarily on the Federal Government’s 
efforts to advance climate preparedness and resilience across the nation. 

In November 2013, the President signed Executive Order 13653, Preparing the United States for the 
Impacts of Climate Change, directing agencies to help American communities strengthen their resilience 
to extreme weather and prepare for other impacts. Specifically, this Executive Order directs agencies to: 
modernize Federal programs to better support local preparedness for climate change impacts; enhance the 
resilience of the Nation’s valuable infrastructure and natural resources; and develop information, data, 
and tools to help decision makers on the ground. The Executive Order established a new interagency 
Council on Climate Preparedness and Resilience, chaired by the Office of Science & Technology Policy, 
the Council of Environmental Quality, and the National Security Council. Executive Order 13653 also 
created a State, Local and Tribal Leaders Task Force, composed of 26 elected officials from across the 
country. The Council and Task Force have already begun working to identify how the Federal 
Government can: remove barriers to climate-resilient investments; modernize Federal programs, grant, 
and loans to better support local efforts; and develop the tools necessary to help communities prepare for 
climate change and to sustain healthy ecosystems. 

Federal agencies are examining how a changing climate will impact their missions and operations. In 
February 2013, some agencies released their first-ever climate change adaptation plans, outlining 
strategies to reduce their vulnerability to the impacts of climate change. Agencies are being asked to 
continue advancing development and implementation of their adaptation planning efforts, as well as to 
identify existing barriers to enhancing preparedness. We are already beginning to see leadership and 
action emerging across the agencies - and these efforts are making a difference on the ground. For 
example, the Department of Transportation (DOT), in partnership with states and communities, is 
advancing integration of climate information to minimize the effects of extreme weather and climate 
change on critical transportation infrastructure. In 2010 and 2011, DOT’S Federal Highway 
Administration (FHWA) supported state Departments of Transportation and Metropolitan Planning 
Organizations’ efforts to pilot approaches for conducting climate change vulnerability and risk 
assessments. FHWA helped to support projects in San Francisco Bay, coastal and central New Jersey, 
Hampton Roads, Virginia, the State of Washington, and the Island of Oahu, Hawaii. Informed by these 
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pilot efforts, DOT is now supporting 19 Climate Resilience Pilots across the country. These on-the- 
ground projects will advance understanding of current and fiiture vulnerabilities - and will inform actions 
to improve transportation safety and minimize the disruptions that affect communities on a daily basis. 
Similarly, FHWA is conducting a study of climate vulnerability for transportation facilities in Mobile, 
AL, and developing tools to help transportation authorities across the nation identify risks and develop 
adaptation strategies. 

The Administration is focused on ensuring the nation’s infrastructure is resilient to the increased impacts 
of climate change and extreme weather. For example, the Department of Health and Human Services is 
working to create sustainable and resilient hospitals in the face of climate change. Through a public- 
private partnership with the healthcare industry, it will identify best practices and provide guidance on 
affordable measures to ensure that our medical system is resilient to climate impacts. It will also 
collaborate with partner agencies to share best practices among Federal health facilities. 

Agencies are analyzing the impacts of climate change on key sectors of our economy and are developing 
strategies to address them. Last summer, the Department of Energy (DOE) released a report outlining the 
impacts of climate change on the energy sector, including power-plant disruptions due to drought and the 
disruption of fuel supplies during severe storms. The report also pinpoints potential opportunities that 
would make our energy infrastructure more resilient to these risks. In September 2013, sixty-three 
experts from Federal, academic, and nongovernmental organizations released a report documenting the 
effects of climate change on oceans and marine resources. This study reviewed how climate variability 
and change are affecting ocean physical, chemical, and biological systems - and how these changes are 
already having societal impacts by affecting fisheries and other ocean industries. Additional reports on 
climate impacts on critical economic sectors will be released within the next year. 

In November 2013, the Administration launched the National Drought Resilience Partnership (NDRP) to 
help communities better prepare for droughts and to reduce impacts on families and businesses. The 
NDRP is coordinating Federal efforts across the country and working closely with State and local 
governments and other partners to improve community preparedness and resilience to drought. With the 
severe drought in California, the NDRP is also playing a critical role in response, helping to connect 
communities to the Federal assistance they need. For example, in California, NOAA, the Environmental 
Protection Agency (EPA), the Bureau of Reclamation (BOR), and the U.S. Fish and Wildlife Service 
(USFWS) are working daily with their State counterparts to maximize operational flexibilities related to 
water delivery, while maintaining important environmental safeguards. 

The Climate Action Plan and Executive Order 13653 are also advancing actions to increase the climate 
resilience of natural resources. The Executive order charged the Department of the Interior (DOI), the 
U.S. Department of Agriculture (USDA), NOAA, the EPA, the Federal Emergency Management Agency 
(FEMA), and the U.S. Array Corps of Engineers (USACE), among others, to identify additional 
opportunities for enhancing the resilience of the Nation’s watersheds, natural resources, and ecosystems 
in the face of climate change through potential changes to their land- and water-related policies and 
programs. Agencies are building on efforts already completed or underway, as outlined in agencies’ 
climate change adaptation plans, as well as recent interagency climate adaptation strategies, such as the 
National Action Plan: Priorities for Managing Freshwater Resources in a Changing Climate; the National 
Fish, Wildlife, and Plants Climate Adaptation Strategy; and the resilience efforts outlined in the National 
Ocean Policy Implementation Plan. Collectively, these efforts will help to safeguard the nation’s valuable 
natural resources in a changing climate. 

The President’s Climate Action plan directs Federal agencies to “update their flood-risk reduction 
standards for federally funded projects.” This effort builds on the work done by the Hurricane Sandy 
Rebuilding Task Force which announced in April 2013 that all federally funded Sandy-related building 
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projects must meet a consistent flood risk management standard. We are actively working to create a 
flood risk management standard for major Federal investment that will provide a minimum level of risk 
reduction against flood hazards and rely on the best available, actionable science on both current and 
future risk. 

Improving integration of science into preparedness decisions 

Climate preparedness efforts depend on access to timely and relevant scientific information. The Office 
of Science and Technology Policy (OSTP) is responsible for ensuring that the best science, research, data, 
tools, and technologies are brought to bear in implementing U.S. climate preparedness and resilience 
efforts. The Climate Action Plan and Executive Order 13653 provide an opportunity to advance 
understanding of climate impacts and to inform preparedness and response options. One of the themes of 
the Climate Action Plan is “using sound science to manage climate impacts,” through developing 
actionable climate science, assessing climate change impacts in the United States, launching a Climate 
Data Initiative, and providing a toolkit for climate resilience. 

Many leaders around the country have requested scientific and technical support from the Federal 
Government to inform the development and prioritization of preparedness efforts. The Administration 
has learned, through conversations with decision makers, including the State, Local, and Tribal Leaders 
Task Force on Climate Preparedness and Resilience, that simply providing scientific information is often 
not enough to support decision making. Science needs to be made accessible, understandable, and usable. 
We are working across the Federal family and in close communication with non-Federal partners to meet 
the growing demand for this “actionable” information. The U.S. Global Change Research Program 
(USGCRP), which coordinates and integrates global change research across 13 agencies, has a new 
strategic focus on “informing decisions.” Efforts to advance science in support of climate preparedness 
are emerging across agency initiatives and programs. Federal agencies are working to respond to the 
planning needs of commimities on the ground. For example, in the immediate aftermath of Sandy, 
NOAA, in partnership with FEMA, the USAGE, and the USGCRP, created a set of map services to help 
communities, residents, and other stakeholders consider risks from future sea-level rise in planning for 
reconstruction. These map services integrate the best-available FEMA flood-hazard data for each 
location with information on future sea-level rise, highlighting areas that will be at risk in the future. 

Later this year, the Administration will release the Third National Climate Assessment (NCA). The 
NCA, required by the Global Change Research Act of 1990, is an important resource for understanding 
and communicating climate science and impacts in the United States. The NCA informs the nation about 
already-observed changes, the current status of the climate, and anticipated trends for the future. The 
Third NCA, written by over 240 authors from universities, local, state, tribal, and Federal governments, 
non-governmental organizations, and the private sector, will present a comprehensive picture of climate 
impacts on U.S. regions and sectors. The information in the NCA will help decision makers and citizens 
throughout the country prepare for climate change. The NCA includes climate impacts and projections 
and assesses progress in the nation’s responses to climate change. The NCA has built partnerships inside 
and outside of the government to support this effort - and has engaged thousands of individuals in the 
development and review of the report. To improve accessibility of information and findings for citizens 
and scientists, the Third NCA will be deployed as an interactive, online report, including access to 
underlying data and resources. 

As part of the Climate Action Plan, and consistent with President Obama’s May 2013 Executive Order on 
open data, the Administration is also launching a new Climate Data Initiative and the creation of an open- 
source Climate Resilience Toolkit. These resources will enhance the availability of government data and 
information to fuel entrepreneurship, innovation, scientific discovery, and public benefits. The 
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Climate Data Initiative will leverage Federal, state, and local datasets to stimulate private-sector 
innovation around preparedness for, and resilience to, climate change. In the coming months, the 
Administration will launch a pilot of the Climate Data Initiative initially focused on sea-level rise and 
other coastal hazards. Additional pilots (e.g., food security, human health) will be launched over the 
coming months. The Climate Resilience Toolkit will complement the Climate Data Initiative by 
providing science-based and data-driven tools to help local, state, tribal, and regional planners better 
understand the impacts of climate change in their own communities. 

We look forward to working with leaders from the public and private sectors to ensure that scientific 
information developed by the Federal Government is available and useful for informing actions that make 
communities, economies, infrastructure, and natural resources more resilient to extreme weather and 
climate change. 

The President believes that the Federal Government must do more to help communities across the country 
become more resilient to the effects of climate change. Recent events have reinforced our knowledge that 
our communities and economy remain vulnerable to extreme weather, natural hazards, and climate 
change. For that reason, two weeks ago in Fresno, the President announced that the 2015 Budget will 
include a new $1 billion Climate Resilience Fund. The President proposes to use this Fund to: invest in 
research and unlock data and infonnation to improve understanding and projections of the impacts of 
climate change; help communities plan and prepare for the impacts of climate change and encourage local 
measures to reduce future risk; and fund breakthrough technologies and infrastructure that will make us 
more resilient in the face of changing climate. 

1 thank the Committee for its support and interest in this issue, and I look forward to continuing to work 
with you. I will be pleased to take any questions Members may have. 



14 


Environment and Public Works Committee 
Hearing 

February 25,2014 

Follow-Up Questions for Written 
Submission 


Questions for Holdren 

Questions from: Senator David Vitter 

1 . Both yourself and a former colleague of yours, the late Stephen Schneider, made claims 
that global cooling was a looming disaster. Dr. Schneider once stated "On the one hand, as 
scientists we are ethically bound to the scientific method, on the other hand, we are not just 
scientists, but human beings as well. And like most people, we'd like to see the world a better 
place, which in this context translates into our working to reduce the risk of potentially 
disastrous climatic change. To do that, we need to get some broad-based support, to capture 
the public's imagination. That, of course, entails getting loads of media coverage. So we have 
to offer up scary scenarios, make simplified, dramatic statements, and make little mention of 
the doubts we might have. Each of us has to decide what the right balance is between being 
effective and being honest." 

Do you agree that it is appropriate as a scientist to offer up embellished scenarios with 
simplified dramatic statements regardless of whether or not those statements are wholly 
accurate? 

A: The question misstates what the late Dr. Schneider and I were saying about global 
climate change in the early 1970s. It also misrepresents Dr. Schneider’s views about 
scientific honesty by reproducing a misleadingly incomplete version of an observation Dr. 
Schneider made in an interview with Discover magazine in 1989. 

On global cooling : From around 1940 into the early 1970s, the average surface 
temperature of the Earth had been falling. In that period, a combination of factors — 
including (a) natural cooling influences arising from variations in the Earth’s orbit and tilt 
and (b) the cooling effect of increased atmospheric concentrations of particulate matter 
arising largely from human activities —was outweighing the warming effect of the buildup 
of atmospheric carbon dioxide, also caused primarily by human activities. It was unclear 
at the time whether the cooling influences would continue to prevail, leading ultimately to 
a new ice age, or whether continuation of the carbon-dioxide buildup would eventually 
overwhelm those cooling influences and push the Earth into a long-term warming trend. 
This uncertainty about which direction human influences would ultimately take the global 
climate was clearly expressed in the highly regarded MIT summer studies of 1970 fThe 
Study of Critical Environmental Problemsl and 1971 fThe Study of Man’s Impact on 
Climate! and was the basis of the balanced statements on the topic that Dr. Schneider and 
I were making at the time. By the late 1970s, it was becoming apparent that the warming 
influences of carbon dioxide were starting to prevail, and, of course, the dominance of 
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warming influences over cooling ones has become ever more obvious in the decades since. 
My position, along with Dr. Schneider’s, evolved along with the evidence. That is what 
scientists are supposed to do: we change our views when relevant new evidence 
materializes and survives the critical scrutiny of the expert community. 

On scientific integrity : The false assertion that Dr. Schneider advocated scientific 
dishonesty arose a quarter of a century ago when his critics elected to quote selectively 
from a passage in an interview with him that was published in the October 1989 issue of 
Discover . One conspicuous forum for this assertion was an editorial in The Detroit News 
from November 22 of that year. The incomplete Schneider quotation provided there was 
missing the same key elaborations as the quotation in the Senator’s question, above. Those 
elaborations change the meaning completely. The response that Dr. Schneider provided to 
The Detroit News is germane here 

thttp://stephenschneider.stanford.edu/Tublications/PDF Paners/DetroitNews.pdf) : 

Since the News devoted several column inches in its editorial to partially quote that 
Discover Magazine reported I had said, The News must feel this is important. 
Therefore, let me set the record straight by quoting the entire paragraph from 
Discover , since the absence of what The News left out (in italics below) seriously 
misrepresents the totality of my views: 

“On the one hand, as scientists we are ethically bound to the scientific method, in 
effect promising to teli the truth, the whole truth, and nothing but - which means that 
we must include all doubts, the caveats, the ifs, ands and buts. On the other hand, we 
are not just scientists but human beings as well. And like most people we’d like to 
see the world a better place, which in this context translates into our working to 
reduce the risk of potentially disastrous climate change. To do that we need to get 
some broad based support, to capture the public’s imagination. That, of course, 
means getting loads of media coverage. So we have to offer up scary scenarios, 
make simplified, dramatic statements, and make little mention of any doubts we 
might have. This “double ethical bind” we frequently find ourselves in cannot be 
solved by any formula. Each of us has to decide what the right balance is between 
being effective and being honest. I hope that means being both. ’’ 

It is strange that The News should accuse me of trying to hide scientific uncertainty 
through this quote, when by the very nature of explaining the dilemma I am being 
unusually forthright in trying to show bow ail scientists face a bind when forced to 
communicate in short sound bites in the media what the essence of a controversial 
complex problem is. It is hard to imagine how this constitutes hiding the truth when 
it’s plainly stated. Obviously, the absence of the last sentence of the Discover 
magazine quote in the editorial totally misrepresents my views. 

Dr. Schneider made the mistake of including, in a somewhat rambling interview response, 
a sentence that lent itself to being taken out of context. I would state the relevant principle 
more succinctly: It is desirable to be effective; it is essential to be honest. 

2. Do you completely disavow the material, population projections and legislative proposals 
you made with Paul Ehrlich in your 1 977 book EcoScience? In particular, do you still believe 
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that "Indeed, it has been concluded that compulsory population-control laws, even including 
laws requiring compulsory abortion, could be sustained under the existing Constitution if the 
population crisis became sufficiently severe to endanger the society"? 

A: The quote you cite from 1977 is a quote from a chapter that is a compilation of ideas 
and concepts that had been discussed in the literature. It was identified as such. This 
summary of views from the literature appears in a large, comprehensive book in which I 
was mainly responsible for the chapters on geochemical cycles, on energy, and on 
materials. The authors’ statement at the end of the chapter says clearly, “We do not 
advocate these measures.” 

3. Are you aware of a Freedom of Information Act request for your work-related emails on 
the email account you used at Woods Hole Research Center, an environmental group where 
you were employed, which you are alleged to have continued using while working as an 
advisor to the president? (OSTP FOIA # 14-02) It seems some of this correspondence turned 
up in the "Richard Windsor" email lawsuit. 

A: My staff has made me aware of the receipt of FOIA # 14-02. 

4. Although EPA is producing hundreds of emails from agency officials that have come 
from non- official accounts for government-related correspondence, OSTP has told FOIA 
requesters that your emails will not be produced. OSTP claims that, the email exists only on 
the Woods Hole Research Center computer server and was never copied to OSTP as required 
by law. Therefore, OSTP claims they are outside of FOlA's reach. 

Did anyone at OSTP ask you to search that account and produce work-related emails? If so, 
did you search the account or did you refuse to do so? If not, would you be willing to search 
that account? 

A: According to my staff, OSTP has not told the FOIA requestor that my emails will 
not be produced. Nor have my staff asserted that the email exists only on the Woods 
Hole Research Center’s computer sers'er. Rather, my staff responded to the requester 
in a letter that reads in relevant part: 

[Y]ou sent the Office of Science and Technology Policy (OSTP) a 
request under the Freedom of Information Act.... 

OSTP sent you a letter on February 4, 2014, [explaining that]. ..OSTP 
understood your request to be one that sought a search of the 
iholdrentgjwhrc.org account, and not a search of any OSTP email 
accounts. Accordingly, our February letter explained that your 
request was unperfected and offered you an opportunity to perfect 
your request. 

On February 18, 2014, you sent OSTP a letter clarifying that you are 
requesting a search of Dr. John Holdren’s OSTP email account for 
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records to and from iholdren@whrc.org . OSTP has conducted a 
search of Dr. Holdren’s OSTP email account and will produce 
responsive records to you on a rolling basis... 

5. On May 10, 2010, you drafted a memo with the subject line: "Reminder: Compliance 
with the Federal Records Act and the President's Ethics Pledge." This was written after one 
of your employees at OSTP had been shown to be using a private email account for work- 
related email. 

The memo included the phrase: 

"OSTP has long had an excellent record of complying with legal and ethical 
standards. We should all be proud of that record, and we all need to be vigilant in 
maintaining it. This memo describes how one of our employees recently fell short in 
this regard, inadvertently implicating two important standards that govern our 
activities as Federal employees: the Federal Records Act and the President's Ethics 
Pledge. The information below serves as a reminder of what these standards require 
from all of us and what you must do to ensure compliance... 

If you receive communications relating to your work at OSTP on any personal email 
account, you must promptly forward any such emails to your OSTP account, even if 
you do not reply to such email. Any replies should be made from your OSTP account. 
In this way, all correspondence related to government business- both incoming and 
outgoing- will be captured automatically in compliance with the FRA. In order to 
minimize the need to forward emails from personal accounts, please advise email 
senders to correspond with you regarding OSTP-related business on your OSTP 
account only...." 

The dates on the emails which emerged in the Richard Windsor lawsuit show that, at the time 
of this memo, you still were using a private email account for work-related emails. Because 
OSTP failed to copy those emails as required by law, it is possible that federal records are 
under the sole control of that outside group and are not available to FOIA requesters, the 
media, or congressional oversight requests. 

How does such an activity comport with your compliance email? 

A: I am unfamiliar with the specific emails to which you refer. Consistent with the 
memo I authored, I endeavor to ensure any work-related emails sent to or from a 
private email account arc preserved on OSTP’s system. 

6. In your testimony you state: "Where there are threats of serious or irreversible damage, 
lack of full scientific certainty shall not be used as a reason for postponing cost-effective 
measures to prevent environmental degradation." Who defines "full scientific certainty?" 

Who decides what constitutes "irreversible damage?" 

A: As part of the efforts of the Federal Government to inform and support climate 
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preparedness and resilience across the Nation, including efforts to reduce the risks 
and costs of future disasters, Federal policies, programs, and practices are being 
thoroughly examined for potential adjustments to reduce risks and existing 
vulnerabilities where science-based information is sufficient to support that 
adjustment. This effort includes identifying risks and related vulnerabilities that if 
left unattended, may lead to serious or irreversible damage. Concepts and common 
interpretation of relevant terms are part of that effort as well. Ideally, these terms 
would be defined and applied consistently across the Federal government, and 
measures to prevent environmental degradation would be formulated through 
cooperation of the Executive and Legislative branches, based on full consideration of 
the costs and risks of both action and inaction. 

7. What is the current rate of sea level rise per year from empirical evidence, not models? 

A: The average rate of sea-level rise observed by satellites over 1993-2010 is 3.2 
millimeters a year. The rate between 1901 and 2010 was 1.7 millimeters a year. 

(Source: IPCC Working Group 1 S'*" Assessment Report, 2013.) 

8. What decade was the worst decade for drought in the United States? 

A: Drought can be measured physically in terms of precipitation deficit, soil dryness, 
or lack of river flow. In addition, drought can be measured in terms of socioeconomic 
impacts. Which period is “the worst” will likely depend on which measure is selected. 
Using tree growth (which reflects soil moisture) as a measure, geological data indicate 
prolonged and severe droughts in areas of the United States during the Middle Ages. 

It is difficult to pinpoint a specific decade, but some analyses suggest that the period 
1550 - 1600 was the driest in the last 500 or so years, at least in the Western United 
States. (Source : NOAA 

http://www.ncdc.noaa.gov/paleo/drought/drght_500years.html) 

During the 20th century, using the Palmer Drought Severity Index as a measure, the 
1930s had the most severe and prolonged drought in the United States as a whole. The 
drought that has afflicted much of the Western United States since 2000 is by some 
accounts the worst in that region in the last 800 years. (Source : Christopher R. 

Schwalm et al.. Reduction of carbon uptake during turn of the century drought in western 
North America, Nature Geoscience, vol. 5, August 2012, pp 551-556). The three-year 
continuing drought in California is the worst in the 118 years of good records and may 
have been the worst in the last 500 years. (Source : UC Berkeley Professor of Earth and 
Planetary Sciences Lynn Ingram at http://newscenter.berkeley.edu/2014/01/21/states- 
water-woes/). 

9. During the 1930s, 2.5 million residents of the plains states fled due to many years of 
extreme heat and drought. When you say that the US climate is becoming more severe are 
you referring to droughts? 

A: Trends across hazards indicate exacerbation of impacts attributable in part to 
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changes in global climate. Trends in drought vary from region-to-region, and these 
trends have diverse causes. In the Southwest, for example, observations show an 
overall increase in area affected by drought during the 20*'' century. (Source: Garfin, 
G., A. Jardine, R. Merideth, M. Black, and S. LeRoy, eds. 2013. Assessment of Climate 
Change in the Southwest United States: A Report Prepared for the National Climate 
Assessment. Island Press: Washington, DC.) See also the answers to questions 8 and 
10 . 


10. You recently stated "We've always had droughts in the American West, of course, but 
now the severe ones are getting more frequent, they're getting longer, and they're getting 
dryer." 

Professor Roger Pielke Jr. and the University of Colorado has provided evidence that claims 
of droughts worsening due to global warming directly contradict scientific reports. 

The Intergovernmental Panel on Climate Change found that there is "not enough evidence at 
present to suggest more than low confidence in a global-scale observed trend in drought." 

Dr. Pielke Jr. has added that even a report from the U.S. government said that "droughts 
have, for the most part, become shorter, less frequent and cover a smaller portion of the US 
over the last century." A 2012 paper published in the journal Nature found "[Ijittle change in 
global drought over the past 60 years." 

What science are you using when you claim that "severe" droughts are "more frequent," 
"longer," and "dryer?" 

A: Trends in drought vary from region to region. Also, whether a trend exists or not may 
depend upon which type of drought (meteorological, agricultural, or hydrological) is being 
considered. 

My comments to reporters on February 13, to which Dr. Pielke referred, were provided 
just ahead of President Obama’s visit to the drought-stricken California Central Valley 
and were explicitly about the drought situation in California and elsewhere in the West. 

That being so, any reference to the “report from the US government” (CCSP 2008) should 
include not just the sentence highlighted in Dr. Pielke’s testimony but also the sentence 
that follows immediately in the relevant passage from that document and which relates 
specifically to the American West. Here are the two sentences in their entirety 
(httD://downloads.globalchange.gov/sap/sap3- 3/Brochure-CCSP-3-3.pdfl : 

Similarly, long-term trends (1 925-2003) of hydrologic droughts based on model 
derived soil moisture and runoff show that droughts have, for the most part, become 
shorter, less frequent, and cover a smaller portion of the U.S. over the last century 
(Andreadis and Lettenmaier, 2006). The main exception is the Southwest and parts of 
the interior of the West, where increased temperature has led to rising drought trends 
(Groisman et al., 2004; Andreadis and Lettenmaier, 2006). 
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In my recent comments about observed and projected increases in drought in the 
American West, I mentioned four relatively well-understood mechanisms by which climate 
change can play a role in drought. 

These are: 

1. In a warming world, a larger fraction of total precipitation falls in downpours, which 
means a larger fraction is lost to storm runoff (as opposed to being absorbed in soil). 

2. In mountain regions that are warming, as most are, a larger fraction of precipitation 
falls as rain rather than as snow, which means lower stream flows in spring and summer. 

3. What snowpack there is melts earlier in a warming world, further reducing flows later 
in the year. 

4. Where temperatures are higher, losses of water from soil and reservoirs due to 
evaporation are likewise higher than they would otherwise be. 

Regarding the first mechanism, the 2013 report of the IPCC’s Working Group I, The 
Science Basis 

thttp:/Avww.climatechange2013.org/images/reportAVGlAR5 TS FlNAL.pdf . p 110), 
deems it “likely” (probability greater than 66%) that an increase in heavy precipitation 
events is already detectable in observational records since 1950 for more land areas than 
not. In the U.S. specifically, findings of an observed, increasing trend in extreme 
precipitation date from at least 1998 (Karl and Wright, 1998 Bulletin Amer. Meteor. Soc.) 
and are confirmed in a recent review (Janssen et al, 2014. Earth’s Future). The second, 
third, and fourth mechanisms reflect elementary physics and are hardly subject to dispute; 
furthermore, they are supported by peer-reviewed observational studies, some of which 
are cited below. 

Concern over climate change and drought is not confined to the academic community. 
Here is what the California Department of Water Resources says about climate change 
and drought: “Climate change is having a profound impact on California water resources, 
as evidenced by changes in snowpack, sea level, and river flows.” (From the California 
Department of Water Resources: “Climate change is having a profound impact on 
California water resources, as evidenced by changes in snowpack, sea level, and river 
flows” (Source : http://www.water.ca.gOv/climatechange/l 

Additional References (with particularly relevant direct quotes in italics): 

Christopher R. Schwalm et al.. Reduction of carbon uptake during turn of the century 
drought in western North America, Nature Geoscience, vol. 5, August 2012, pp 551-556. 

The severity and incidence of climatic extremes, including drought, have increased as 
a result of climate warming. ... The turn of the century drought in western North 
America was the most severe drought over the past 800 years, significantly reducing 
the modest carbon sink normally present in this region. Projections indicate that 
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drought events of this length and severity will be commonplace through the end of the 
twenty-first century. 

Gregory T. Pederson et al. , The unusual nature of recent snowpack declines in the North 
American Cordillera, Science, vol. 333, 15 July 2011, pp 332-335. 

Over the past millennium, late 20th century snowpack reductions are almost 
unprecedented in magnitude across the northern Rocky Mountains and in their north- 
south synchrony across the cordillera. Both the snowpack declines and their 
synchrony result from unparalleled springtime warming that is due to positive 
reinforcement of the anthropogenic warming by decadal variability. The increasing 
role of warming on large-scale snowpack variability and trends foreshadows 
fundamental impacts on streamflow and water supplies across the western United 
States. 

Gregory T. Pederson et al.. Regional patterns and proximal causes of the reeent snowpack 
decline in the Rocky Mountains, US, Geophysical Research Letters, vol. 40, 16 May 2013, 

pp 1811-1816. 

The post-1980 synchronous snow decline reduced snow cover at low to middle 
elevations by ~20% and partly explains earlier and reduced streamflow and both 
longer and more active fire seasons. Climatologies of Rocky Mountain snowpack are 
shown to be seasonally and regionally complex, with Pacific decadal variability 
positively reinforcing the anthropogenic warming trend. 

Michael Wehner et al.. Projections of future drought in the continental United States and 
Mexico,/oHrna/ of Hydrometeorology, vol. 12, December 2011, pp 1359-1377. 

All models, regardless of their ability to simulate the base-period drought statistics, 
project significant future increases in drought frequency, severity, and extent over the 
course of the 21 st century under the SUES AIB emissions scenario. Using all 19 
models, the average state in the last decade of the twenty-first century is projected 
under the SRES AIB forcing scenario to be conditions currently considered severe 
drought (PDSI<—3) over much of the continental United States and extreme drought 
(PDSI^-4) over much of Mexico. 

D. R. Cayan et al ., Future dryness in the southwest US and the hydrology of the early 21 st 
century drought. Proceedings of the National Academy of Sciences, vol. 107, December 14, 
2010, pp 21271-21276. 

Although the recent drought may have significant contributions from natural 
variability, it is notable that hydrological changes in the region over the last SO years 
cannot be fully explained by natural variability, and instead show the signature of 
anthropogenic climate change. 
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E. P. Maurer et al. , Detection, attribution, and sensitivity of trends toward earlier 
streamflow in the Sierra Nevada, Journal of Geophysical Research, vol. 112, 2007, 
doi:10.1029/2006JD08088. 

The warming experienced in recent decades has caused measurable shifts toward 
earlier streamflow timing in California. Under future warming, further shifts in 
streamflow timing are projected for the rivers draining the western Sierra Nevada, 
including the four considered in this study. These shifts and their projected increases 
through the end of the 21st century will have dramatic impacts on California’s 
managed water system. 

H. G. Hidalgo et al Detection and attribution of streamflow timing changes to climate 
change in the western United States, Journal of Climate, vol. 22, issue 13, 2009, pp 3838- 
3855, doi: 10.1175/2009JCU2740.1. 

The advance in streamflow timing in the western United States appears to arise, to 
some measure, from anthropogenic warming. Thus the observed changes appear to be 
the early phase of changes expected under climate change. This finding presages 
grave consequences for the water supply, water management, and ecology of the 
region. In particular, more winter and spring flooding and drier summers are expected 
as well as less winter snow (more rain) and earlier snowmelt. 

Barnett, T.P. et al., "Human-Induced Changes in the Hydrology of the Western United 
States" Science 22 February, 2008. pp 1080-1083. 

“Our results are not good news for those living in the western United States. The 
scenario for how western hydrology will continue to change... foretells water 
shortages, lack of storage capacity,... and other critical impacts. " 


1 1. Empirical evidence suggests that the last five years have brought the fewest US hurricane 
landfalls of any five year period in recent history. Since President Obama took office in 
2009, there have been three US hurricane landfalls. By contrast, during Grover Cleveland's 
presidency the US was hit by 26 hurricanes, many of which were major hurricanes. When 
you claim that the US climate is becoming more severe are you referring to hurricane 
activity? 

A: The Intergovernmental Panel on Climate Change (IPCC) finds that it is “virtually 
certain” that tropical cyclone activity in the North Atlantic (the ocean basin that 
threatens the US Gulf and east coasts) has increased since 1970. 

(Source : IPCC Working Group 1 5th Assessment Report, 2013.) 

12 . Was Hurricane Sandy or the Great Colonial Hurricane of 1635 the most severe to hit 
New England? 

A: By some estimates, the hurricane of 1635 was the most severe hurricane to make 
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landfall in U.S. history. Since the climate system has historically been shaped by 
natural variability, and more recently by human influences imposed on top of that 
natural variability, isolated episodes of extreme weather in the historical record do not 
negate the scientific consensus that anthropogenic climate change may increase the 
probability of extreme events occurring or may worsen the consequences of a specific 
extreme weather event (e.g., more damage from a given storm surge because of sea- 
level rise), even if the event itself cannot be shown to have been caused by climate 
change. 

13. How many coal fired power plants were in operation in the year 1635? 

A: There were none. 

14. Not discounting the fact that we did see some severe tornadoes over the past two years, 
empirical evidence suggests that the last two years were the quietest years on record for US 
tornadoes. Is your claim that the climate is becoming more severe based on tornado activity? 

A: In 2007, the IPCC concluded that “There is insufficient evidence to determine 
whether trends exist in . . . small-scale phenomena such as tornadoes, hail, lighting, 
and dust storms.” 

(Source : IPCC 4th Assessment Report: Synthesis Report. 2007). 

15. In 2009 you claimed "if you lose the summer sea ice, there are phenomena that could 
lead you not so very long thereafter to lose the winter sea ice as well. And if you lose that sea 
ice year round, it's going to mean drastic climatic change all over the hemisphere." In terms 
of our historical records of the Arctic and Antarctic what is the exact status today of the 
amount of sea ice at both locations? 

A: As of mid-March 2014, the extent of sea ice in the Arctic and Antarctic are 
approximately IS million and 4 million square kilometers, respectively. (Source : 
National Snow and Ice Data Center.) 

Since 1979, Arctic sea ice extent has decreased during March (when the ice reaches a 
maximum) by 2.6% per decade and in September (annual minimum) by 13.7% per 
decade. The seven record-low Arctic ice extents were 2007-2013. (Source : NOAA, Arctic 
Report Card: Update for 2013 (http://www.arctic.noaa.gov/reportcard/sea_ice.html.) 

Recent analysis of Nimbus I satellite data showed that there was substantially more 
Antarctic sea ice in 1964 than any time since 1972. Nonetheless, sea ice currently is not 
diminishing as rapidly in Antarctica as in the Arctic despite an overall warming of the 
planet. The slower response of Antarctic sea ice to warming is an area of active research. 

By what year do you expect temperatures in the winter in both the Arctic and Antarctic to 
average above freezing? 
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A: When this might occur depends on what measures are taken to mitigate future 
climate change. 

16. There are reports that temperatures are so cold at the Arctic right now that new ice is 
forming at the rate of one Manhattan every minute and a half, and in areas that were 
previously ice free. Is that accurate? 

A; Sea ice forms in the Arctic Ocean when a combination of conditions is met: air 
temperatures are well below freezing, there is minimal solar heating, and currents are 
not bringing warm water to the region. At times, there is rapid freezing of the surface 
over large areas. That ice, however, is much thinner than it was in the first half of the 
last century. In fact, in 2013, the volume of Arctic sea ice was less than half of what it 
was in 1979. 

At this time of year (March), the extent of Arctic sea ice begins to decrease, as summer 
approaches. Over this past winter, the extent of Arctic sea ice was less than the 1981- 
2010 average. Since the start of satellite monitoring of sea ice around 1980, the extent 
of Arctic sea ice has decreased by roughly a million square km or more, depending on 
month and year. (Source : National Snow and Ice Data Center, e.g. 
http://nsidc.org/arcticseaicenews/charctic-interactive-sea-ice-graph/) 

1 7. In earth’s geologic history have more species extinctions been associated with a warming 
climate or a freezing climate? 

A: Extinctions are believed to be associated not with warming or cooling per xe, but 
rather with high rates of climate change that outpace the ability of species and 
ecosystems to adapt. Projections indicate “potential 21st-century global warming 
that is comparable in magnitude to that of the largest global changes in the past 65 
million years but is orders of magnitude more rapid,” creating “daunting challenges 
for species.” 

(Source: Diffenbaugh and Field. 2013. Science Vol. 341 no. 6145 pp. 486-492). 

18. Why does NOAA never publicly mention nor utilize its monthly and yearly Slate of the 
Climate reports? The reports include temperature numbers derived from the state of the art 
Climate Reference Network, completed in 2008, with the "...express purpose of detecting the 
national signal of climate change." 

They were designed to be free of the effects of urbanization/UHI and any need for 
adjustments. "The stations are placed in pristine environments expected to be free of 
development for many decades. Stations are monitored and maintained to high standards, and 
are calibrated on an annual basis." 

Millions of dollars were spent on this new climate network, yet the public never sees it 
utilized in any public climate report, and the old network which is fraught with problems is 
still used for these reports instead of the new one. There's no mention of it even for 
comparison purposes. 
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Why is that? 

A; NOAA publicly releases its monthly US and global climate reports via websites, 
emails to media, constituents and Congressional staff, and over social media. In 
addition, NOAA Office of Legislative and Intergovernmental Affairs (OLIA) sends 
out the monthly US and global reports to staff of NOAA's authorizing and 
appropriations Committees as well as staff members who have attended its briefings 
in the past. All of this information is available on NCDC's website (see 
http://www.ncdc.noaa.gov/sotc/), but if you or your staff wish to receive it in email 
form please contact NOAA OLIA by emailing mackenzie.tepel@noaa.gov. 

The U.S. Climate Reference Network (USCRN) and the U.S. Historic Climate 
Network (USHCN) data are publicly available on NOAA’s National Climatic Data 
Center’s (NCDC’s) website to compare our nation’s temperature changes. As part of 
NOAA’s mission, NOAA’s NCDC provides graphical comparisons of U.S. average 
maximum and minimum temperature computed from both USCRN and USHCN. 
These graphs are updated monthly and are available at 
http://www.ncdc.noaa.gov/temp-and-precip/national-temperature-index/. 

Given that USHCN has a much longer period of record going back to the 19th 
century (versus 9 years for USCRN) NCDC uses this data set for long-term 
monitoring and in its reports. The length of the dataset is one of the reasons why the 
USHCN remains important in monitoring climate. 

The USCRN began to be fielded in 2000, parts of the network were commissioned 
starting in 2004 and it remains the gold standard of climate monitoring. The longer 
the system is in operation, the more useful it will continue to be to monitor long-term 
climate trends. Already it is used to validate USHCN national trends over the recent 
decade. The fact that U.S. temperature trends between USCRN and USHCN are in 
close agreement since USCRN has been operation validates our corrections applied 
to the full USHCN record are valid for national temperature trend monitoring (see 
the Appendix). 

Additionally, while USCRN was established for the purposes of national monitoring, 
we still rely on the USHCN’s much denser network of stations that are more effective 
for measuring trends on smaller space scales then compared the USCRN. This is 
another reason why the USHCN’s denser network of corrected data is especially 
useful to precisely monitor small area trends. 

Additional background on USCRN and USHCN is discussed in the attached 
Appendix. 

19. Are there known social and economic benefits to increased C02? 

A: The effects of CO 2 are dependent on the inherent physical and chemical properties of 
this molecule, and how these properties directly and indirectly affect physical, biological. 



26 


and social systems. Without CO 2 in the atmosphere acting as a blanket to keep the Earth 
warm, Earth would be icebound. Increases in atmospheric CO 2 concentration, mostly 
from human-related activities, above the pre-industrial (circa 1750) level, however, are 
leading to rising global-average surface temperature and associated changes to climatic 
patterns to which current human societies and ecosystems are adapted. Changes to our 
climate and natural systems, in turn, affect our economic and social wellbeing in a variety 
of ways. Increased atmospheric CO 2 concentration increases plant growth, up to a point, if 
other nutrients are not limiting and if the climatic consequences of the CO 2 increase do not 
offset the CO 2 fertilization effect. The USDA finds that, in the real world, a net benefit for 
food crops from increasing CO 2 is unlikely (see the answer to question 20). And, although 
there is an economic benefit of a warming climate in reducing heating expenses and 
potentially cold weather-related mortality, this effect has been evaluated and found to be 
less than the countervailing impact of the rise in air conditioning expenses and potential 
heat-related mortality. This spectrum of competing benefits and costs of actions associated 
with greenhouse gas emissions is routinely evaluated in Federal decision-making under 
Executive Orders, and incorporated in the Social Cost of Carbon documentation. 

20. Is there science that shows that agriculture harvest increases with an increase in C02? 

A; According to the U.S. Department of Agriculture (USDA), “Plant response to climate 
change is dictated by a complex set of interactions to CO 2 , temperature, solar radiation, 
and precipitation. . . Increasing CO 2 in the atmosphere is a positive for plant growth, and 
controlled experiments have documented that elevated CO 2 concentrations can increase 
plant growth while decreasing soil water-use rates. The effects of elevated CO 2 on grain 
and fruit yield and quality, however, are mixed; reduced nitrogen and protein content 
observed in some nitrogen-fixing plants causes a reduction in grain and forage quality. 

This effect reduces the ability of pasture and rangeland to support grazing livestock. The 
magnitude of the growth stimulation effect of elevated CO 2 concentrations under field 
conditions, in conjunction with changing water and nutrient constraints, is uncertain. 
Because elevated CO 2 concentrations disproportionately stimulate growth of weed species, 
they are likely to contribute to increased risk of crop loss from weed pressure... Increases 
in temperature coupled with more variable precipitation will reduce productivity of crops, 
and these effects will outweigh the benefits of increasing carbon dioxide.” 

(Source: Walthall et al. 2012. Climate change and agriculture in the United States: effects 
and adaptation. USDA Technical Bulletin 1935. Washington, DC. 186 pages). 

21. Is there science that shows plant life can have greater drought resistance and require less 
water with increased C02? 

A: According to USDA, “The effects of elevated CO 2 on water-use efficiency may be an 
advantage for areas with limited precipitation. Other changing climate conditions may 
either offset or complement such effects. Warming temperatures, for instance, will act to 
increase crop water demand, increasing the rate of water use by crops. Crops grown on 
soils with a limiting soil water-holding capacity are likely to experience an increased risk of 
drought and potential crop failure as a result of temperature-induced increases in crop 
water demand, even with improved water-use efficiencies. Conversely, declining trends of 
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near-surface winds over the last several decades and projections for future declines of 
winds may decrease evapotranspiration of cropping regions. Crops and forage plants will 
continue to be subjected to increasing temperatures, increasing CO 2 , and more variable 
water availability caused by changing precipitation patterns. These factors interact in their 
effect on plant growth and yield. A balanced understanding of the consequences of 
management actions and genetic responses to these factors will form the basis for more 
resilient production systems to climate change.” 

(Source : Walthall et al. 2012. Climate change and agriculture in the United States: effects 
and adaptation. USDA Technical Bulletin 1935. Washington, DC. 186 pages.) 

22. Which benefits were incorporated into developing the Social Cost of Carbon? 

A: The Social Cost of Carbon (SCC) is meant to be a comprehensive estimate of the 
monetized value of the net effects (both negative and positive) of global climate change, 
including, but not limited to, changes in net agricultural productivity, human health, and 
property damages from increased flood risk. The interagency group developed the range 
of SCC estimates using three well-known peer-reviewed integrated assessment models 
(lAMs) — DICE, PAGE, FUND — a range of socioeconomic and emissions scenarios, three 
discount rates, and a probability distribution for climate sensitivity. (Details of these can 
be found in the 2010 and 2013 Federal SCC technical support documents and on the 
author websites and publications for each of these individual models.) A variety of 
anticipated climate change-related impacts were incorporated by the authors of the three 
lAMs, including potential benefits associated with carbon dioxide emissions. For example, 
the FUND model incorporates increases in agricultural and forestry productivity at certain 
levels of warming. The model also incorporates the benefits of reductions in energy 
expenditures due to reduced demand for space heating and the reduction in cardio- 
vascular and respiratory mortality and morbidity associated with extreme cold. When all 
impacts are considered, at levels of warming consistent with current emissions trajectories, 
the long-term projected damages associated with those carbon emissions significantly 
exceed the projected benefits from the carbon emissions in the models. The SCC estimates 
reflect that net social cost. 

It should be noted that, given current modeling and data limitations, current SCC 
estimates do not include all important damages. As noted by the IPCC Fourth Assessment 
Report, it is “very likely that [SCC] underestimates” the damages. The lAMs do not 
currently include all of the important physical, ecological, and economic impacts of climate 
change recognized in the climate change literature because of a lack of precise information 
on the nature of damages and because the science incorporated into these models naturally 
lags behind the most recent research. Nonetheless, the SCC is a useful measure to assess 
the benefits of CO 2 reductions. (Source : 

http://www.whitehouse.gov/sites/default/files/omb/infore 2 /social cost of carbon for ria 2 
013 update.pdf) 


23. Why does the National Academy of Engineers consider electrification the greatest 
engineering achievement of the 20'*' Century? 
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A: In 2003, the National Academy of Engineering (NAE) published A Century of 
Innovation; Twenty Engineering Achievements that Transformed our Lives. At the top of 
the NAE’s list of engineering achievements of the 20th century was electrification. As the 
NAE noted, more than half of the other "Top 20" engineering achievements (such as 
electronics, computers, the Internet, and household appliances) would not have been 
possible without electrification. Abundant and available electric power helped spur 
America's economic development and distributed the benefits of that economic 
development widely, from cities to farms. Electricity also continues to be a major focus of 
scientific and engineering endeavor. As the NAE notes; 

“New engineering challenges have continued to arise, among them how to transmit 
electricity at higher and higher voltages for maximum efficiency. Improvements in both 
materials and systems have brought transmission voltages up from the 220 volts of the 
1880s to the 765,000 volts of today. And still the search goes on for new and better ways to 
harness energy from sources that now include everything from nuclear reactors to the 
wind, the Sun, and even the geothermal energy of Earth itself. Wind farms, with scores of 
sleek, narrow-bladed, computer-controlled wind turbines, have become increasingly 
productive; improvements in efficiency have brought the cost of wind-produced electricity 
down significantly in the past 15 years. [Investor-owned utilities] are also devoting more 
research dollars to improving solar power. Photovoltaic cells that generate electricity 
directly are becoming more efficient, but engineers are also working on other innovative 
approaches, including a technique known as solar thermal, in which arrays of mirrored 
parabola-shaped collectors focus sunbeams to heat oil to as high as 750°F to drive steam 
turbines.” 

The Administration, through its programs of research and innovation in energy, and 
through its support of fiscal incentives such as tax credits and loan guarantees, continues 
to assist in ensuring that the United States has a balanced and affordable future supply of 
electricity that will meet the needs of the 21st century. 

24. You state in your testimony that "the global climate has been so extensively impacted by 
the human-caused buildup of greenhouse gases." 

Please provide evidence of each climate parameter that has been extensively impacted by 
human-caused buildup of greenhouse gases, aside from the levels of greenhouse gases 
themselves. 

A: On the global scale, according to the IPCC, “Warming of the climate system is 
unequivocal, and since the 1950s, many of the observed changes are unprecedented 
over decades to millennia. The atmosphere and ocean have warmed, the amounts of 
snow and ice have diminished, sea level has risen, and the concentrations of greenhouse 
gases have increased.” The height of the “tropopause,” the boundary between the 
lowest layer of the atmosphere and the stratosphere, as well as the moisture content of 
the lower atmosphere, have also increased. The stratosphere has cooled. In some 
regions, other climate parameters have also been affected. These include river flows, 
extremes in temperature and precipitation, tropical cyclone activity, and extreme high 
sea levels. (Source : IPCC Working Group I 5th Assessment Report. 2013) 
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Appendix to Question 18 

from the National Oceanic and Atmospheric Administration (NOAA) 

The U.S. Climate Reference Network (USCRN) establishes the highest standards for climate 
monitoring, USCRN is fully operational and plays a significant role in determining the Nation's 
climate profile, in conjunction with the older networks like the U.S. Historical Climatology 
Network (USHCN). Data from USCRN, along with other information concerning the system, 
are freely available online at http://www.ncdc.noaa.gov/crn . 

USCRN adheres to the highest global climate monitoring principles endorsed by the U.S, 
National Academy of Science, and provides the U.S. with the greatest confidence in national 
temperature and precipitation trends. Since 2005, the network’s 1 14 stations in the continental 
U.S. have provided sufficient coverage to enable the calculation of a high-quality national 
temperature average. This gives us more than eight years of high-quality temperature data for 
the lower 48 states. We also have 2 stations in Hawaii, and have installed 13 of 29 planned 
network stations in Alaska. 

While NOAA’s National Climatic Data Center (NCDC) designed USCRN to provide the highest 
quality climate observations, the network’s length of record is currently too short to provide 
longer-term multi-decadal and century-scale perspectives on the nation’s climate. However, 
NCDC has also worked for decades to build a reliable climate record provided by stations in 
other networks, including the USHCN. The great advantage of continuing the USHCN 
monitoring is that data from many of its stations date back to the early 20th Century. From a 
climate perspective, such long-term data is of great value. Therefore, NCDC continues to 
employ the USHCN in conjunction with the USCRN to build a robust climate record for the 
future while continuing to provide verification for older observational methods. 

Since its implementation, USCRN has not only improved our monitoring of today’s climate, but 
has also increased confidence in the older USHCN stations. One of USCRN’s missions is to 
provide verification for national temperatures computed from USHCN during the two networks’ 
common period of operation from 2005-13. As part of this mission, NCDC provides graphical 
comparisons of U.S. average maximum and minimum temperature computed from both USCRN 
and USHCN. These graphs are updated monthly and are available at 
http://www.ncdc.noaa.gov/national-temDerature-index/ . 

Figure 1, below, shows the annual average temperature anomalies for both networks from 2005- 
2012. As you will see, the graph shows very close agreement - the correlation in national 
average temperature computed from the two networks is greater than 99%. Therefore, 
continuing to monitor USHCN, as verified by USCRN, allows us access to a valuable 
temperature record dating to 1900 (Figure 2). 

For further information please see: 

Diamond, H.J., T.R. Karl, M.A. Palecki, C.B. Baker, J.E. Bell, R.D. Leeper, D.R. Easterling, 

J.H. Lawrimore, T.P. Meyers, M.R. Helfert, G. Goodge, and P.W. Thorne, 2103: U.S. Climate 
Reference Network after one decade of operations: Status and assessment. Bulletin of the 
American Meteorological Society, 94, 485-498, doi:10.l 175/BAMS-D-12-00170 
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Senator Whitehouse. Thank you, Dr. Holdren. And as is custom 
in this committee, your longer statement that was provided will be 
put into the record. We appreciate that you were able to summa- 
rize in the appropriate amount of time. 

Mr. Ashe, welcome. Actually, let me do my proper introduction 
to you. Daniel Ashe was confirmed on June 30tli, 2011 as the 16th 
Director of the U.S. Fish and Wildlife Service. Prior to his appoint- 
ment, Mr. Ashe served as the Fish and Wildlife Service Deputy Di- 
rector for Policy, beginning in 2009. 

Mr. Ashe is a career member of the Fish and Wildlife Service, 
having served in a great variety of capacities, and formerly was a 
professional staff member of the former House Committee on Mer- 
chant Marine and Fisheries. He is also a legacy, his father served 
in the Fish and Wildlife Service for 37 years. Mr. Ashe brings to 
us a B.S. in biological science degree from Florida State University 
and a masters in marine affairs from the University of Wash- 
ington. 

Please proceed, Mr. Ashe. 

STATEMENT OF THE HON. DANIEL M. ASHE, DIRECTOR, 
UNITED STATES FISH AND WILDLIFE SERVICE 

Mr. Ashe. Thank you, Mr. Chairman, Senator Inhofe. It is a 
pleasure to be here again. 

If we think about this issue of adaptation and response to cli- 
mate change, I think what I would say is, climate change affects 
every aspect of the enterprise of wildlife conservation. But it is not 
just climate change, it is climate change on top of and turbo-charg- 
ing the cumulative effects of other factors driving wildlife popu- 
lations, things like habitat loss and fragmentation, wildlife diseases 
like white nose syndrome in bats and Kitrick fungus in amphib- 
ians, species invasions, wildfire. So it is climate change on top of 
all of these things. We see these effects, these cumulative, accel- 
erating effects, everywhere we look. 

Chairman Whitehouse, in your region of the Country, consider 
Atlantic salmon conservation. For nearly 40 years, the U.S. Fish 
and Wildlife Service has worked with many partners. State, tribal, 
local, to try to achieve Atlantic salmon conservation in the Con- 
necticut River. We have put forth great effort with great partner- 
ships. But what we find is now with the accelerating effects of cli- 
mate change, driving warming of the water and changing of the 
chemical and physical characteristics of the Connecticut River, that 
that is acting synergistically with other factors, like the presence 
of predators that never existed in the Connecticut River, like 
smallmouth bass and human-based pollution of the water, and bar- 
riers to migration like dams and other barriers in the Connecticut 
River and tributaries. 

So climate change now acting cumulatively and synergistically 
with those effects are telling us that we can’t achieve Atlantic 
salmon conservation in the Connecticut River. So if we are going 
to achieve that, we need to look elsewhere within the historic range 
of the species. 

Mr. Inhofe, as you know, we are seeing the same things in the 
range of the Lesser prairie chicken. Certainly habitat loss and al- 
teration changes are being accelerated and exacerbated by changes 
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in soil moisture and other things that seem to be driving the Less- 
er prairie chicken toward potential extinction. We have made great 
efforts working with the State to put in place a range-wide plan, 
working on a candidate conservation agreement to drive conserva- 
tion, habitat conservation for this species. But the one missing in- 
gredient there is rain, and will we get rain, and will the presence 
or absence of rain, is that a phenomenon of weather, or is that a 
phenomenon of climate. Does it really matter. What we need to do 
is, we need to better understand what is driving the fate of these 
creatures that we are responsible for. 

And as I was thinking about this, I am going to borrow from a 
book called The Legacy, by David Suzuki. He talks about the 
human enterprise and he talks about the fact that we are not an 
impressive species in size and speed and strength or sensory alac- 
rity. But the key to our success as a species is this two-kilogram 
organ encased in our skull. The human brain has more than com- 
pensated for our lack of physical or sensory abilities. We observe, 
we learn, we remember. We recognize causal relationships and we 
come up with innovative solutions to problems. 

So throughout history, drawing on our experience and knowl- 
edge, we have dreamed of our place in the world and imagined the 
future into being. By inventing a future, we could look ahead, we 
could see where dangers and opportunities lay and recognized that 
our actions would have consequence in that future. Foresight gave 
us a leg up and brought us into a position of dominance in the 
world. I think now we are at that position of time where foresight 
is especially important. As we look at all of these things that are 
influencing not only the future of the wildlife that is the mission 
and responsibility of my agency, but our life, it seems like it is an 
especially important time for us to exercise that special human in- 
gredient and characteristic of foresight. 

Thank you. 

[The prepared statement of Mr. Ashe follows:] 
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Chairman Whitehouse and Members of the Committee, thank you for the opportunity to testify 
before you today on the role and efforts of the U.S. Fish and Wildlife Service (Service), in 
partnership with other Department of the Interior (Department) bureaus and stakeholders at all 
levels, to protect ecosystems and other natural resources in the face of climate change impacts. 

This hearing comes at a time when the nation’s living resources are being impacted by forces acting 
upon large landscapes and ecosystems such as habitat fragmentation or loss due to land use 
changes; invasive species; fish and wildlife disease; wildfire, floods, and drought - all exacerbated 
by climate change. The nation’s natural resources, including water, fish and wildlife, and forests, 
are among our most valuable economic assets. Our natural heritage, including hunting, fishing, and 
outdoor recreation are being threatened by these impacts at landscape and watershed scales that 
cross multiple Federal, State, Tribal, and local management jurisdictions. 

Impacts of Climate Change on Natural Resources 

The Earth’s average surface temperature is increasing due to human emissions of greenhouse 
gases, and this has and will likely continue to erode habitat quality and sustainability for fish and 
wildlife species and, in some cases, cause abrupt changes to entire ecosystems. From the Arctic to 
the Everglades to our territories in the Pacific Ocean, these impacts are already affecting local, 
State, Tribal, regional, national and international economies and cultures. 

According to the U.S. Global Change Research Program significant changes in the U.S. climate 
over the past 50 years have occurred, including increases in average temperatures, shifts in rainfall 
and storm patterns, increases in wildfires, more frequent water shortages, rising sea levels, loss of 
Arctic sea ice, ocean acidification, changing precipitation patterns, and coastal flooding and 
erosion. This has the potential to gradually erode habitat quality and sustainability for fish and 
wildlife species, and in some cases cause abrupt changes to entire ecosystems. These working 
landscapes to wilderness areas far from human habitation, impacts can be seen from the Arctic to 
the E verglades, and across the nation to our territories in the Pacific Ocean, and are already 
affecting local, State, Tribal, regional, national and international economies and cultures. 

As the climate continues to change over the next century, so too will the effects on species, 
ecosystems, and their fiinctions. 

Climate change is now among the greatest challenges facing the conservation of our native species, 
and it is contributing to dramatic changes in the habitats they need for breeding, migrating, and 
wintering. Over time, climate change is impacting the dynamics of wildlife disease, increasing the 
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threat to biodiversity. As the Earth warms, ecosystems adapted to cooler climates are altered in 
important ways, creating new habitat for some species and reduced habitat for others. Species 
distribution shifts in response to climate change can lead to a number of new challenges for natural 
resource managers, such as the arrival of new pests, the disruption of ecological communities and 
interspecies relationships, and the loss of particularly valued species from some areas. Warmer 
temperatures, be they in the Spring, Summer, Fall, or Winter cause change to plant communities 
and shorten insect life cycles. This leads to the annual appearance of these important food sources 
to being out of sync with bird migration and breeding cycles; this means less opportunities for bird 
w'atchers and hunters to enjoy our natural heritage. 

National Wildlife Refuges along our nation’s coasts are losing habitat to sea level rise. A host of 
species, from birds to mammals to fish and reptiles, are losing their homes. Dramatic and 
measurable loss of sea ice is impacting wildlife in the northern latitudes, where the impacts of 
climate change are most profound. Areas of the nation are experiencing extreme drought, which, 
while not entirely due to climate change, starkly illustrates the linkage between climate water 
availability and the sustainability of fish and wildlife. 

Climate adaptation is defined by the Intergovernmental Panel on Climate Change (IPCC) as an 
adjustment in natural or human systems in response to actual or expected climatic stimuli or their 
effects, which moderates harm or exploits beneficial opportunities. Most simply, climate adaptation 
means helping people and natural systems prepare for and cope with the effects of a changing 
climate. Integrating and coordinating adaptation planning efforts among government and 
nongovernment sectors can help decrease the risks and impacts of climate change on our natural 
resources, communities, and economies. 

Coordinated Action to Address the Need for Adaptation 

Over the past decade, there have been an increasing numbers of calls for action by government and 
nongovernmental entities to better understand, prepare for, and cooperatively address the impacts of 
climate change on natural resources and the communities that depend on those resources. For 
example, in 2007 the U.S. Government Accountability Office released a study entitled: Climate 
Change: Agencies Should Develop Guidance for Addressing the Effects on Federal Land and Water 
Resources, recommending that guidance and tools be developed to help Federal natural resource 
managers incorporate and address climate change into their resource management efforts. In 2008, 
the U.S. Global Change Research Program released the report: Preliminary Review of Adaptation 
Options for Climate-Sensitive Ecosystems and Resources, which called for and identified a variety 
of new approaches to natural resource management to increase resilience and adaptation of 
ecosystems and resources. 

More recently, the President’s Climate Action Plan (Plan) released in June 2013 serves as a 
blueprint for responsible national and international action to slow the effects of climate change 
using existing authorities. Building on efforts underway in States and local communities across the 
country, the Plan describes the regulatory activities aimed at reducing carbon pollution while 
helping the nation prepare for, and reduce, future impacts. The Plan’s recognition of the 
importance of protecting natural resources and promoting resilience in fish and wildlife and their 
habitats is an integral part of our nation’s comprehensive response to climate change. Given the 
disruption that a changing climate implies for our mission, the Service is committed to meet the 



35 


goals of this important Plan by continuing to reduce our carbon emissions, implement adaptation 
measures, and engage our key stakeholders and constituencies. On November 1 , 2013 the 
Administration released Executive Order (EO) 13653: Preparing the United States for the Impacts 
of Climate Change. In response, the Department is now working to update its Climate Change 
Adaptation Plan and assess how policies, programs, and regulations need to change to become more 
resilient to climate change, among other activities. 

Adaptation forms the core of the Service’s response to climate change and means strategic, science- 
based management actions, including regulatory and policy changes that will help reduce the 
impacts of climate change on fish, wildlife, and their habitats. It is also the centerpiece of 
Department’s Secretarial Order 3289. 

Department of the Interior Secretarial Order 3289 

In 2009, then Secretary of the Interior Ken Salazar signed Secretarial Order 3289, which established 
a Departmental Climate Change Response Council (Council) to “execute a Department-wide 
strategy to increase scientific understanding of and development of effective adaptation 
management tools to address the impacts of climate change on cultural and natural resources.” 
Composed of the Secretary, the Deputy Secretary, Counselor to the Secretary, Assistant Secretaries, 
and the Solicitor, the Council was assembled to coordinate the climate change adaptation response 
efforts of its agencies and Bureaus, and the Secretarial Order commits the Department to working 
with other, relevant Federal agencies. The Secretarial Order also requires the Departments agencies 
and bureaus to consider and analyze climate change impacts when engaged in long-term planning, 
setting priorities for scientific research, or making major decisions about the use of Departmental 
resources. Specifically regarding adaptation to climate change, the Secretarial Order requires 
Department decisions with regard to climate change adaptation be informed by science, and it 
directs the establishment of the Landscape Conservation Cooperatives (LCCs) and regional Climate 
Response Centers, which have become the Department’s Climate Science Centers, managed by the 
U.S. Geological Survey (USGS). 

The Department's climate change adaptation policy was issued in the Department Manual in 
December of 2012 (523 DM 1). The policy provides guidance for addressing climate change 
impacts upon the Department’s mission, programs, operations, and personnel. The Service is 
currently working to step down this policy into bureau-level guidance on climate change, and has 
completed an initial policy (056 FW 1) designating responsibilities and expectations related to 
climate adaptation. 

National Fish, Wildlife and Plants Climate Adaptation Strategy 

In March of 2013, the National Fish, Wildlife, and Plants Climate Adaptation Strategy (the 
Strategy) was released. As the accompanying Federal Register notice (April 1, 2013) states: “This 
Strategy presents a unified approach — reflecting shared principles and science- based practices — 
for reducing the negative impacts of climate change on fish, wildlife, plants, our natural resource 
heritage, and the communities and economies that depend on them. The Strategy provides a basis 
for sensible actions that can be taken now, in spite of the uncertainties that exist about the precise 
impacts of climate change.” 
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Development of the Strategy was co-led by the Service, the National Oceanic and Atmospheric 
Administration (NOAA), and the New York State Department of Environmental Conservation, 
representing state fish and wildlife agencies. It was developed in response to a request in the 
Conference Report for the FY 2010 Interior, Environment and Related Agencies Appropriations 
Act (House Report 111-316, pages 76-77) for the White House Council on Environmental Quality 
(CEQ) and the Department of the Interior to: “develop a national, government- wide strategy to 
address climate impacts on fish, wildlife, plants, and associated ecological processes” and 
“provide that there is integration, coordination, and public accountability to ensure efficiency and 
avoid duplication.” In addition, CEQ’s Interagency Climate Change Adaptation Task Force 
supported this request and called for the development of a climate adaptation strategy for fish, 
w'ildlife, and plants in its 2010 Progress Report to the President. 

The Strategy was developed in coordination with other Federal adaptation efforts such as the 
National Ocean Policy Implementation Plan and the National Freshwater Action Plan (Priorities for 
Managing Freshwater Resources in a Changing Climate) , and it draws from existing adaptation 
efforts by States, Federal agencies and others. Its premise is that no single entity or level of 
government can safeguard wildlife and society against the effects of climate change. It does not 
prescribe any mandatory or regulatory requirements, but is designed to coordinate government-wide 
fish and wildlife climate change adaptation efforts and to build on growing efforts outside the 
Federal and State fish and wildlife governments to understand, track, and reduce impacts of a 
changing climate on the nation’s valuable fish, wildlife, and plants. It outlines a roadmap of key 
steps needed to help safeguard the nation’s natural resources in the face of these challenges. This 
Strategy is a key component of the growing effort by Federal, State and Tribal governments and 
non-governmental entities to reduce the risks and impacts of climate change. 

The Strategy was developed with input from a wide variety of sources, with multiple opportunities 
for public input, and was shaped by comments from more than 55,000 Americans. In addition to 
describing the impacts of climate change on fish and wildlife, the Strategy identifies seven key 
steps, or goals, to help safeguard the nation’s fish, wildlife, and plants in a changing climate. These 
seven goals are 

• Goal 1 : Conserve habitat to support healthy fish, wildlife, and plant populations and 
ecosystem functions in a changing climate. 

• Goal 2: Manage species and habitats to protect ecosystem functions and provide sustainable 
cultural, subsistence, recreational, and commercial use in a changing climate. 

• Goal 3: Enhance capacity for effective management in a changing climate. 

• Goal 4: Support adaptive management in a changing climate through integrated observation 
and monitoring and use of decision support tools. 

• Goal 5: Increase knowledge and information on impacts and responses of fish, wildlife, and 
plants to a changing climate. 

• Goal 6: Increase awareness and motivate action to safeguard fish, wildlife, and plants in a 
changing climate. 

• Goal 7: Reduce non-climate stressors to help fish, wildlife, plants, and ecosystems adapt to a 
changing climate. 

The Strategy also describes opportunities for numerous sectors to address these challenges and then 
describes how its goals and strategies may be implemented with coordination across the Federal 
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government. States, and other entities. It provides guidance about what further actions are most 
likely to promote natural resource adaptation to climate change, and describes mechanisms that will 
foster collaboration for effective action among all levels of government, conservation organizations, 
and private landowners. 

The Service is now co-leading a Joint Implementation Working Group (JIWG) to promote 
implementation of the Strategy, Our partners are NOAA and the Association of Fish and Wildlife 
Agencies (AFWA). The White House Council on Environmental Quality is also supporting this 
effort. The JIWG includes representation from most of the agencies that participated in 
development of the Strategy (15 Federal, 5 State, and one inter-Tribal commission) and will be 
responsible for reporting on implementation and for future revisions of the Strategy. The Service 
will continue its dual role of implementing the Strategy within its own programs, and also working 
with the many other agencies that need to be involved in Strategy implementation through the 
JIWG. 

Strategic Habitat Conservation and Landscape Conservation Cooperative Network 

Complex and persistent challenges, like climate change, have led the Service to re-assess how best 
to meet our goals under our mission, which is “working with others to conserve, protect, and 
enhance fish, wildlife, plants, and their habitats for the continuing benefit of the American people. " 
The agency’s traditional focus has been to conserve fish and wildlife resources in the face of 
anthropogenic activities that threaten their sustainability. In modem times, the threats to the 
sustainability of fish and wildlife populations are much more diffuse and, in many cases, result 
from cumulative impacts caused by stressors such as habitat loss and climate change. 

The Service’s response to this has included the adoption of Strategic Habitat Conservation as our 
core conservation approach for sustaining populations of fish and wildlife. This is in the context of 
landscape and system sustainability, and led to the establishment of the Landscape Conservation 
Cooperative (LCC) Network to apply public-private partnerships that can support conservation 
planning, implementation, and evaluation at landscape scales. With the signing of Secretarial Order 
3289, the Department launched the LCC Network to better integrate science and management to 
address climate change and other landscape scale issues. Holistic, collaborative, adaptive, and 
grounded in science, LCCs are working to ensure the sustainability of our, land, water, wildlife, and 
cultural resources. Twenty-two LCCs across the nation, working within their respective landscapes 
and collaborating across their geographic boundaries, collectively form an integrated network of 
resource managers and scientists who share a common need for scientific information to achieve 
their individual and shared goals of conserving our nation’s natural heritage. 

Taken together, and working within the larger conservation community. Strategic Habitat 
Conservation and the LCC Network will improve the necessary collaboration that enables private. 
State, Tribal, and Federal conservation infrastructure to operate as a networked, leveraged system. 

Landscape Conservation Cooperatives 

Habitat loss and fragmentation through land conversion, fire, floods and drought, invasive species, 
and other watershed and landscape-level threats to fish and wildlife is being exacerbated by global 
climate change. This has made it necessary for the Service to make an important and really historic 
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shift in our approach to conservation from a single species, parcel-by-parcel, tlireat-by-threat 
management agency toward collaborative, cross-jurisdictional work through LCCs and other 
partnerships. These broader, more inclusive approaches help us better understand and then 
meaningfully and strategically reduce widespread threats at the landscape level The traditional 
jurisdictions of local, State, Tribal and Federal agencies over land and wildlife can fragment 
conservation efforts. With limited funding and resources, the cost of securing and applying the 
necessary science to understand how these many stressors are affecting natural resources and what 
can be done to help them adapt must be pooled among government agencies and leveraged with 
non-government funds where possible. 


The LCCs are self-directed, applied science conservation partnerships that build a shared view of 
landscape conservation science needs across Federal, State, Tribal, and local agencies and 
nongovernmental organizations. The LCC forum supports collaborative conservation partnerships 
that define, share and acquire science and management tools, including research, monitoring, and 
conservation planning and design, and decision-support tools. The resulting data, information, 
knowledge, and tools can be applied by resource or land management agencies and private 
landow'ners to build resilience to climate change impacts and other landscape-level threats. 

Resource management entities using these products can then monitor, re-evaluate and adapt them to 
better fit changing resource needs, landscape conditions, or just to improve their application. 
Partners in the LCCs bring resources to the projects selected by the LCCs, thereby leveraging the 
Federal investment and ensuring meaningful partner investment in this collaborative approach. 

With the size of conservation challenges presented by climate change and other forces on the 
landscape, no one agency or land manager can fully conserve our natural resources and their 
benefits to our economy alone. We cannot afford to act in isolation, risking wasteful redundancies 
and significant gaps in the science and the applied management that must consider the larger threats 
to ecosystems that threaten our valuable living and cultural assets. By focusing multiple 
management agencies and private efforts on the highest priority conservation issues, the 
Department expects to be able, in the long term, to demonstrate new efficiencies in the management 
of natural resources through the LCCs, 

The work of LCCs is informed by the Department’s Climate Science Centers (CSCs) and many 
other scientific institutions. These 22 forums are unique in the conservation world and directly 
address congressional mandates to improve efficiency, reduce duplication, and coordinate among 
the diverse set of agency programs operating at multiple levels. LCCs do not duplicate other 
regional, cooperative conservation partnerships, like the Joint Ventures for Migratory Birds or the 
National Fish Habitat Partnerships, which are comprised of entities that determine conservation 
priorities and implement them on the ground. Rather, LCCs provide a forum for these conservation 
partnerships and other management entities to determine the higher-level science needs to inform 
their work and to help their applications adapt as new information is collected and applied to their 
efforts. 

Examples of the work of LCCs include the development of a critical tool for understanding how 
climate change will affect protected areas and native island species by the Pacific Islands Climate 
Change Cooperative. This vulnerability assessment measures the risk that climate change poses to 
more than 1000 plant species native to Hawaii, helping State and Federal managers with native 
plant conservation by revealing which plant species are at highest risk from climate change, which 
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areas to protect as future habitat, which protected areas will lose species, and which species will 
benefit most from stronger management in the present. In addition, the Upper Midwest and Great 
Lakes Landscape Conservation Cooperative, along with other partners, has identified opportunities 
to optimize connectivity in the Great Lakes Basin to restore native fish migrations, while 
controlling invasive species. This project has resulted in identification of more than 270,000 
potential barriers and an initial optimization model that identifies those barriers in which removal 
would provide connectivity to the most tributary distance given a certain budget. 

Like many LCCs, the North Atlantic LCC is fully supporting implementation of the National Fish, 
Wildlife and Plant Climate Adaptation Strategy. Because effective adaptation begins with 
understanding how the landscape is changing, the LCC is developing information and tools that 
assess the combined impacts of climate change (temperature, precipitation, sea level rise, floods) 
and urban growth on natural resources in the Northeast. In addition, the LCC is working with 
Northeast Region States to develop habitat classifications and maps, regional species and habitat 
rmlnerability assessments, frameworks for modeling landscape change, assessments of regional 
species of concern and other decision-making tools. These tools collectively will create a landscape 
conservation design “blueprint” for the region that provides broader context for State and local 
conservation decisions and actions. The LCC is now putting these tools into action through a 
comprehensive landscape design effort with North Atlantic LCC partners in the Connecticut River 
watershed - about 400 miles long and 7.5 million acres - to conserve, connect and restore habitats 
and natural systems that sustain fish, wildlife and people. What we achieve and learn with our 
partners in this pilot geography will be refined and applied in landscapes throughout the Northeast. 
The information and tools being developed through the LCC are providing regional context for 
updating State Wildlife Action Plans so that States can understand (and reflect in their updated 
plans) their best contribution to regional conservation as well as their best response to the challenge 
of climate change. 

The Inter-LCC Greater Sage Grouse Initiative in partnership with the Western Association of Fish 
and Wildlife Agencies has led to many important developments, including an enhanced working 
relationship with the western States. This multi-LCC project is characterized by: collaboration 
among management entities at range-wide and LCC scales; coordination of planning, 
implementation, and evaluation to increase efficiency and reduce redundancy; development of 
science-based decision support tools; and shared access to sage-grouse data through a common data 
portal which allows State and Federal managers to work from the same information for 
interpretation of current and future habitat and population conditions. 

The Great Northern LCC (GNLCC) is working with cooperators to assess and develop wildlife 
corridors at the regional, ecosystem, and local scales. For example, they support the Western 
Governors' Association (WGA) Crucial Habitats and Corridors Landscape Integrity and 
Connectivity analysis across 18 western states; provide funding for the Washington Wildlife 
Habitat Connectivity Working Group to complete wildlife corridor analyses for 16 focal species 
throughout Washington and in the Columbia Plateau region across Oregon and Washington; 
support the Crown Managers’ Partnerships in analyzing and mapping comiectivity in the Crown of 
the Continent; collaborate with the America’s Great Outdoors Crown Demonstration Landscape 
Team to improve connectivity across roads in the Crown; and support a collaborative Land and 
Water Conservation Fund Proposal in the Idaho-Montana Divide area to improve wildlife 
connectivity between Yellowstone Park and the Central Idaho Wilderness. Species that stand to 
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benefit from this work include grizzly and black bears, elk, wolverine, mule deer, cutthroat trout, 
bull trout, and many others. The Great Northern LCC has, in collaboration with the USGS, also 
developed LC-MAP, a virtual database and shared collaborative workspace that allows partners to 
share, access, and analyze common datasets and information to further coordinated research, 
management, and resource conservation. The GNLCC recently received a grant to integrate LC- 
MAP with the WGA Crucial Habitat Assessment Tool (CHAT) system. This LCC, which covers 
portions of Montana, Idaho, Oregon, Washington, and Wyoming, has 25 partner organizations on 
the Steering Committee and over 50 organizations participating in regional conservation forums. 

South Atlantic LCC staff are working closely with a multitude of resource organizations and several 
interdisciplinary teams to complete a shared conservation blueprint for the multi-State LCC 
geographic area, due in 2014. This w'ill provide an actionable and spatially-explicit map depicting 
the places and actions needed to sustain ecosystems of the southeastern US in the face of future 
change. 

The self-directed working group model presented by the LCCs is an effective and efficient 
approach to testing, adapting, and delivering the science and conservation tools necessary to meet 
modern conservation challenges with the biggest value for the use of public and private funds 
contributed to their work. 

Agency Implementation of Cooperative Adaptation Approaches 

Sea Level Rise : At Alligator River National Wildlife Refuge on the North Carolina coast, the 
North Carolina chapter of The Nature Conservancy (TNC) and the Service have forged a 
partnership to evaluate the effects of different adaptation strategies on areas impacted (or likely to 
be impacted) by sea level rise. This project is also supported by a $ 1 million donation from Duke 
Energy, a $250,000 private donation, a Southeast Aquatic Resources Partnership Community-based 
Restoration Program grant, a NOAA Community-based Restoration Program grant, and several 
other smaller donations. The project managers have engaged with local communities, fishermen, 
NGOs, State and Federal agencies, and the general public to educate them on the project through 
public meetings, volunteer involvement, and other outreach activities. 

This refuge encompasses about 1 54,000 acres on the Albemarle Peninsula in North Carolina, where 
sea level rise is the primary climate change impact of concern. This vulnerability is exacerbated by 
human alterations to the system, including an extensive network of drainage ditches used for 
agriculture and forestry. Sea level rise will in turn intensify other problems such as shoreline 
erosion, saltwater intrusion, and biodiversity loss. The strategies this partnership is testing include 
constructing oyster reefs to buffer shorelines from waves and storm surges, restoring the natural 
hydrologic regime and associated wetland systems, and planting salt- and flood-tolerant species. 
Successes would include reductions in the rates of ecosystem change, shoreline erosion, saltwater 
intrusion, and land subsidence, and an increase in the growth and survivability of salt- and flood- 
tolerant plant and tree species. 

The Blackwater Climate Adaptation Project is a partnership between The Conservation Fund, 
Audubon Maryland/DC, and the U.S. Fish and Wildlife Service supported by a grant from the 
Town Creek Foundation. Our objective is to ensure the long-term persistence of high tidal marsh 
habitat in Dorchester County, MD, together with its full assemblage of associated bird species, as 
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well as Chesapeake Bay fisheries that depend on these wetlands for shelter and food. Rapid sea 
level rise threatens the survival of this ecosystem during the current century. This Assessment is the 
first step toward developing a sea level rise adaptation strategy and corresponding actions to 
conserve the tidal marshes of Blackwater for the long term. 

Northeast Biological Toolbox : In collaboration with Federal and State partners as well as non- 
governmental conservation organizations, the Service is developing and implementing tools to 
predict the effects of climate change and inform future management plans. In the Northeast, this 
includes a vulnerability assessment for shorebird habitat, created in partnership with the Manomet 
Center for Conservation Sciences and designed for refuge managers to determine the vulnerability 
of their sites to climate change and consider what options are available to best maintain shorebird 
habitat. The assessment is being implemented currently at Monomoy (Massachusetts), 

Chincoteague (Virginia), and E.B. Forsythe (New Jersey) National Wildlife Refuges. 

Conclusion 

The Service’s responsibilities cover a wide range of natural resources that are to be preserved, 
protected, managed, and made available for public use through Federal statutes. Many of these 
resources are managed for public use because of their importance to the national economy. In fact, 
it could be said that the abundance of natural resources in the United States has contributed to our 
global economic leadership. We recognize the importance of these resources to a range of economic 
sectors, and we know that climate change is already and will continue to impact their availability 
for current and future generations of Americans. 

With Congressional support, the Department created strong networks to deliver the science and 
adaptive conservation actions needed to protect our native ecosystems, living resources, and their 
economic benefits to a wide range of commercial and public interests. In closing, I would like to 
thank the Sub-Committee and Senators Whitehouse and Baucus for their leadership in designing 
and promoting both the need and the necessary approaches to accomplish this important task. 
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Senator Whitehouse. Thank you, Director Ashe. 

How would the capacity of our human brain exercise its God- 
given quality of foresight be influenced in your world, in protecting 
our natural resources, if we fail to acknowledge the reality of cli- 
mate change? 

Mr. Ashe. It cannot be, if we do not acknowledge the reality of 
climate change. I think in what we are doing in the Fish and Wild- 
life Service, you acknowledged, one, the National Fish, Wildlife and 
Plants Climate Change Adaptation Strategy. We are working with 
our State partners, with our tribal partners, with local partners to 
think about the future and to plan for that. Some of the steps are 
simple, that we need to learn more, we need to understand more 
about the effect of a changing climate on populations. We need to 
be able to anticipate more. We are developing a national and inter- 
national network of landscape conservation cooperatives, a partner- 
driven, partner-managed scientific enterprise. We are working to 
conserve and connect large landscapes, to build a representative, 
resilient and redundant conservation network. And we are doing 
that not just with environmental community partners like the Na- 
ture Conservancy or Defenders of Wildlife, we are doing that with 
energy industry partners. So simple common sense steps to make 
a difference. 

Senator Whitehouse. As was the case with Mr. Holdren, Direc- 
tor Ashe, your full statement will be made a matter of record here. 
You State in it, according to the U.S. Global Change Research Pro- 
gram, significant changes in the U.S. climate over the past 50 
years have occurred, including increases in average temperatures, 
shifts in rainfall and storm patterns, increases in wildfires, more 
frequent water shortages, rising sea levels, loss of arctic sea ice, 
ocean acidification, changing precipitation patterns and coastal 
flooding and erosion. 

Is that a matter of theory or is that at this point a matter of ob- 
servation? 

Mr. Ashe. Those are all matters of observation, sir. 

Senator Whitehouse. Dr. Holdren, the President recently an- 
nounced plans for a billion dollar climate resilience fund that is 
meant to help communities deal with harms from extreme events 
due to climate change. Can you talk a little bit about how these 
resilience measures, completed before or in the recovery phase of 
a natural disaster, actually save money in the future? We have 
lived through this question with Sandy in New England and I 
would like to have your comment on that. 

Mr. Holdren. First of all, we know of course that events like 
Sandy are immensely expensive. We also know from both experi- 
ence and analysis that prevention of damage is almost always con- 
siderably less expensive than rebuilding after the damage or other- 
wise trying to repair it. 

In the natural resource context that is the particular focus of this 
hearing, we know that community resilience, the resilience of 
human communities, depends in many respects on ecosystem resil- 
ience. The declines in benefits provided by ecosystems, including as 
a result of climate change, have direct and indirect impacts on live- 
lihoods and the economy of communities. Loss of coral reefs due to 
bleaching and disease means losses of revenue for the tourism in- 
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dustry as well as declines in reef-dependent fish species that have 
commercial value. 

Again, almost invariably, when you count up the cost of allowing 
this damage to continue unabated versus the cost of intervening to 
reduce the damage or increase resilience to protect against it, you 
find that these investments are a bargain. That is why the Presi- 
dent has proposed his billion dollar climate resilience fund. It will 
be a bargain. 

Senator Whitehouse. Thank you very much. 

I will yield back my time to our distinguished ranking member. 

Senator Inhofe. Thank you, Mr. Chairman. 

Mr. Ashe, I said in my opening statement I have been concerned 
that the Service has been giving preferential treatment under the 
Endangered Species Act to renewable energy producers when com- 
pared to those of traditional fuels. I know we have talked about 
this before. But this is particularly problematic in Oklahoma with 
the American burrowing beetle. You and I both know that the oil 
and gas industry is the source of most economic activity there. But 
because there isn’t a general conservation plan in place, most of 
this new activity has been curtailed. It is my understanding that 
a new general conservation plan is under development. 

You are a good friend of Richard Hatcher in our State of Okla- 
homa and you have visited extensively with each other. He is our 
director of the Oklahoma Department of Wildlife Conservation. 
And he asked if it would be possible to allow modified conservation 
practices until a new GCP is completed, which is expected to be 
later this year. What would be your answer to that? Would that be 
possible? 

Mr. Ashe. Thank you, Mr. Inhofe. Mr. Hatcher is a great Amer- 
ican and a great friend. I think we are working on an interim plan 
for the American burrowing beetle. In fact, people are meeting 
today, I am told, in Oklahoma with the State and with representa- 
tives from the energy industry to try to find a solution while we 
work on the larger general conservation plan. 

So Senator, we are committed to trying to find a solution. It is 
surprisingly vexing, I have to admit. But we are working to try to 
find an interim solution, and conversations are literally going on as 
we speak. I am hopeful that by the spring we will have identified 
a solution. 

Senator Inhofe. The question, though, that he asked was, would 
it be possible to go ahead and address this thing, possible to allow 
maybe a modified conservation practices until the new plan is com- 
pleted. I think as you just now said, it is expected to be completed 
soon. It is very close right now. So in the interim period, that is 
the concern he was asking about. 

Mr. Ashe. I would have to talk to Richard specifically about his 
ideas. I have not had a chance to do that. 

Senator Inhofe. OK, that would be good. That is fair enough, 
you would do that. 

I think most of our conversation has been around the Lesser 
prairie chicken. This is something that has been of great concern 
in the State of Oklahoma and about a four-State area. New Mexico, 
Kansas and Texas and Oklahoma. From what I understand, we are 
in the very final stages of giving final approval to the oil and gas 
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CCAA and acres are being enrolled in the State-based range-wide 
plan. 

I recently wrote you a letter asking if you would allow enroll- 
ment in the CCAAs beyond a listing decision. This is important be- 
cause we are about a month away from the deadline. It often takes 
several weeks to complete the enrollment process. Enrollment can’t 
be done until the CCAA is finalized. Would you allow a post-posi- 
tion enrollment? 

Mr. Ashe. I cannot do that. Our expectation, Senator, is that the 
Candidate Conservation agreement will be completed this week, by 
Friday of this week. So we will have a completed instrument and 
sign-ups can begin. 

If we were to list the Lesser prairie chicken, then it would no 
longer be a candidate. So it would not be appropriate for people to 
sign 

Senator Inhofe. So you are saying you cannot do it, even if you 
are willing to do that? 

Mr. Ashe. We cannot do it. 

Senator Inhofe. If we were to find that you can do it, then would 
you reconsider that? Because we are right down now to the dead- 
line. The time is on us now. 

By the way, I have to say this, for this committee, how much I 
appreciate the fact that you in your confirmation made an agree- 
ment to come out, talk to our people about the cooperative plans 
that we have, the partnership plans that we have in Oklahoma. 

Mr. Ashe. Thank you, sir. 

Senator Inhofe. You did it not only once, but twice. So I thank 
you very much for that. 

So far to my understanding, several hundred thousand acres 
have been enrolled in the RWP, 4 million are in the queue. And 
between 5 million and 6 six million acres will be enrolled in the 
CCAA in the first week following its approval. Are you encouraged 
by what you have seen, are seeing from the conservation stand- 
point with the range-wide plan and the CCAAs? 

Mr. Ashe. I am greatly encouraged, sir. 

Senator Inhofe. Now, there isn’ time, my time has expired, but 
let me just take a little bit, because there is a new critter coming 
I wasn’t even familiar with, and that of course is the northern long- 
eared bat. I figured beetles and Lesser prairie chickens would be 
enough, and now we are concerned with this. Apparently this af- 
fects some 39 States. 

It has come to our attention that the Service issued guidance re- 
quiring Section 7 conferencing reviews for the projects proposed to 
take place in the species range which is, as I said, affects now 39 
States, is that right? About 39 States. This has occurred despite 
the fact that the species has only been proposed as an endangered 
species. That determination has not yet been made. It is also my 
understanding that these Section 7 reviews are only allowed prior 
to a listing when a project is going to jeopardize the existence of 
the species across the entire range. Can you explain to me why the 
Service is doing this, and isn’t it getting ahead of itself? By the 
way, of the 39 States, everyone at this table here is one of the 39 
States. 
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Mr. Ashe. Senator, I will have to get back to you on the details 
related to the long-eared bat. I am not intimately familiar. I would 
say we cannot, or we do not and cannot require consultation prior 
to a listing. Consultation is a formal, statutorily required commit- 
ment on the part of the Federal agency once a species is listed. 

We sometimes do what we call conferencing on a candidate spe- 
cies, which is a voluntary process to provide advice and guidance. 
With regard to the lesser prairie chicken, for instance, we have 
done a conference with the Natural Resource Conservation Service, 
which has allowed us to provide certainty to landowners that si^ 
up and implement best conservation practices for lesser prairie 
chicken. We have done the same thing for sage grouse. So some- 
times we do conferencing informally to encourage investment in 
conservation before a species is listed, but we can’t require con- 
sultation. 

Senator Inhofe. Yes. I know my time is expired, but when you 
talk about the burrowing beetle and the lesser prairie chicken, it 
really is only in a smaller number of States. This apparently affects 
a large number of States. 

I also want to take advantage of the opportunity to welcome my 
good friend Senator Markey from Massachusetts. He and I have 
gone around and around in debates for the last 12 years. We have 
always maintained a very good relationship and friendship. I ap- 
preciate your adding your expertise to this committee. Senator 
Markey. 

Senator Whitehouse. And indeed, it is Senator Markey’s turn, 
so I recognize him for his first appearance in this committee. We 
will miss Senator Baucus, but he has certainly been replaced by a 
very prominent figure in the environmental cause. I am delighted 
to have Ed Markey with us. The floor is yours. Senator. 

Senator Markey. Thank you, Mr. Chairman, very much. I am 
looking forward to learning a lot about these issues. I am familiar 
with many of them, after 37 years on these committees. Senator 
Inhofe and I, we started back in 1987 having these conversations, 
when we joined the House of Representatives. So we are 27 years 
now into our conversation. 

Senator Inhofe. But neither one of us has moved yet. 

Senator Markey. My father always said that when two people 
agree upon absolutely everything, you don’t need one of those peo- 
ple. So we are both needed here. We are needed for this conversa- 
tion. We have to just continue to have it, and I thank you, my 
friend, Jim Inhofe, for all these years. 

Chairman Whitehouse, thank you for all your leadership on the 
issues. I am looking forward to working with you and Chairman 
Boxer and all the members of the committee to work on these 
issues that are so central to the health of our economy and the 
health of the citizens of our Nation, whether it is rebuilding roads 
or reducing the impact of what comes out of the tailpipes of the 
cars that drive on them, the work of this committee is crucial to 
driving the United States economy. 

Today’s hearing is examining one of the major risks to America’s 
environmental and economic health climate change. It is having 
tangible impacts in Massachusetts right now. My State loses land 
to rising sea levels every year. Our iconic cod have been moving 
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north as ocean temperatures warm and are contributing to the ex- 
treme economic challenges facing Massachusetts fishermen and the 
coastal communities that depend upon them. 

Thankfully we already have many of the tools needed to prepare 
for the impact of climate change and reduce the risk in the future. 
Building upon natural coastal defenses will not only help protect 
infrastructure on land but also provide benefits for the fishing and 
tourism industries. Increasing the efficiency of our energy and 
water use can help respond to climate change and lower utility 
bills for our homeowners at the same time. Addressing climate 
change means capitalizing on the trillion dollar clean energy oppor- 
tunity that exists. Cleaning up and fortifying our aging, polluting 
energy infrastructure could be the job creation engine of our time. 
Eighty thousand Americans are already employed in the wind sec- 
tor in our Country. That is about the same number of people that 
mine coal in our Country today. 

Solar is one of the fastest-growing sectors of our economy, 
142,000 Americans are employee in solar, 24,000 new solar jobs 
added to our economy last year. These are high-wage jobs, $23 an 
hour on average. These are International Brotherhood of Electrical 
Workers jobs, these are roofer jobs, these are jobs that our soldiers 
are learning how to do when they return home. It has been clear 
for years that we need to invest in America’s resilience to climate 
change and our clean energy economy. Building climate-smart in- 
frastructure and more wind and solar capacity will create jobs that 
are good for saving creation at the same time. 

Now, Dr. Holdren, let’s start with a basic analogy. If the current 
State of scientific understanding of human beings’ influence on cli- 
mate change is like a jigsaw puzzle, are most of the pieces still in 
the box or have scientists put enough together to establish what 
the picture is? 

Mr. Holdren. I would say that most of the major pieces are in 
place. We have an increasingly clear picture of how human activi- 
ties are influencing the global climate. That picture has been re- 
flected in not only the reports every several years of the Intergov- 
ernmental Panel on Climate Change, contributed to by hundreds of 
climate scientists from around the world, but regular reports by 
our National Academies of Science, the academies of science of 
every other major country that has an academy of science. And the 
basic picture is that we know without question that the climate of 
the earth is changing in ways that stand out sharply against the 
backdrop of natural variations that have operated over millennia. 
We know with very high confidence that the principal driver of 
these recent changes has been human activities, above all, the 
emission of heat-trapping substances, carbon dioxide, methane, ni- 
trous oxide, black soot and others. 

And we know with high confidence that those changes in climate 
are already causing harm to human well-being in many forms and 
many places. A number of them have been referred to already. 
There are uncertainties surrounding the quantitative details in 
many cases. Climate scientists are well aware of the importance of 
measuring and quantifying uncertainty and working to reduce it 
over time. But the uncertainties and the details that are not yet 
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well understood do not obscure, do not implicate those fundamental 
understandings which I just summarized. 

Of course, we also work hard to try to create where we are head- 
ed as well as where we have been. And that is harder. As often has 
been said, predictions are difficult, particularly about the future. 

Senator Markey. Yogi Berra. 

Mr. Holdren. Yogi Berra. The uncertainties are greater looking 
forward than in trying to match our understanding with what has 
happened in the past. But we can have high confidence that as long 
as the buildup of greenhouses gases continues that the kinds of dis- 
ruption of global climate that we have seen already will only grow. 
And the dimensions of the damage to human well-being associated 
with that will grow apace. 

Senator Markey. And I agree with you, the impacts are going go 
become more severe, the solutions are going to be more costly. We 
have to basically accept the fact that the pieces of the puzzle are 
in place. 

I thank you, Mr. Chairman. 

Senator Whitehouse. Senator Vitter. 

Senator Vitter. Thank you, Mr. Chairman. I would just ask 
unanimous consent that my opening statement be in the record. 

Senator Whitehouse. Without objection. 

Senator Vitter. Thank you. And thank you, gentlemen, for being 
here, and for your work. 

Director Ashe, I wanted to ask you, is your agency currently en- 
gaged in consultation related to the EPA’s proposed New Source 
Performance Standards for power plants? 

Mr. Ashe. We are engaged in consultation with EPA over their 
proposed rules under Section 316(b), the Clean Water Act, yes. 

Senator Vitter. And how would you describe that level of con- 
sultation? Is it the formal consultation process? 

Mr. Ashe. It is a formal consultation process, yes, sir. 

Senator Vitter. And how extensive has that been specifically 
with regard to New Source Performance Standards for power 
plants? 

Mr. Ashe. I am not certain how to answer your question. I am 
not sure what you are looking for. We have been engaged in con- 
versation with EPA. 

Senator Vitter. Let me back up, because I think we are talking 
about two different things. I am talking about New Source Per- 
formance Standards for power plants, which is separate from 
316(b). So with regard to endangered species, are you engaged in 
consultation with EPA on New Source Performance Standards? 

Mr. Ashe. I do not believe that we are, sir. I will have to check 
and make sure of that, but I do not believe that we are. 

Senator Vitter. If you can check and submit that follow — up for 
the record. Assuming you are correct, and you are not, why aren’t 
you? You don’t think this has any potential impact on endangered 
species? 

Mr. Ashe. The obligation for consultation. Senator, is on the ac- 
tion agency. So EPA would determine whether a consultation was 
necessary and they would provide us with a biological assessment, 
which then would be the basis for a biological opinion. So your 
question is appropriately directed to the action agency. 
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Senator Vitter. OK, I will direct it to them. But I would point 
out that, for instance, in contrast to that, you are definitely in- 
volved in Section 7 consultation, for instance, in the cooling water 
intake rule of EPA. 

Mr. Ashe. Correct, 316(h). 

Senator Vitter. Was that initiated by EPA? 

Mr. Ashe. It was. 

Senator Vitter. OK. Now, I would also point out, in that sce- 
nario, they are considering alternatives, all of which, both of which, 
I think there are two big alternatives, have a beneficial impact on 
endangered species. The discussion is more or less how big the ben- 
eficial impact is, is that correct? 

Mr. Ashe. No, sir, the discussion is that permit framework under 
Section 316(b) would authorize the use of cooling waters, which will 
have a significant effect on threatened and endangered species. So 
the discussion is about minimizing and avoiding those potential im- 
pacts and reasonable and prudent measures that the EPA and 
State-delegated programs could take. 

Senator Vitter. The point is, all the alternatives being consid- 
ered are benefits compared to the status quo on endangered spe- 
cies. 

Mr. Ashe. That is the purpose of a consultation, is to determine 
and to determine what measures can be taken by EPA within its 
Clean Water Act authorities to avoid and minimize the take of en- 
dangered species. Probably, sir, since the 1970’s and the passage of 
the great environmental laws in the 1970’s, everything the govern- 
ment does makes life better under the Clean Water Act, under the 
National Forest Management Act, under the Clean Air Act. The 
question is not whether it is one increment better. The question is, 
can EPA within its discretion undertake reasonable and prudent 
measures to improve the likelihood that species will be recovered. 

Senator Vitter. Let’s go back to that standard with New Source 
Performance Standards. Because New Source Performance Stand- 
ards fundamentally are going to shift power supply sources for en- 
ergy. And to the extent it shifts it, for instance, to wind, it takes 
up a whole lot more land footprint than existing sources. Is that 
not likely to have a major potential impact on endangered species? 

Mr. Ashe. Again, sir, it is not for me to determine. It is for the 
action agency to determine in looking at their action. You are ask- 
ing me a completely hypothetical question. 

Senator Vitter. It is not hypothetical. It is going on, and you are 
the top lead actor in the Federal Government who is supposed to 
be concerned about endangered species essentially, correct? 

Mr. Ashe. I am concerned about them. 

Senator Vitter. OK. So it is not hypothetical. The question is, 
if we are shifting power supply to things that take up a whole lot 
more land, could that have an impact on endangered species? 

Mr. Ashe. It could, theoretically, have an impact on endangered 
species. It could. 

Senator Vitter. Therefore, would it be appropriate in your opin- 
ion, I understand you don’t initiate this legally, but therefore, as 
the person who is charged with thinking about endangered species 
in the Federal Government, would it be appropriate to think about 
that through a formal consultation process? 
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Mr. Ashe. It is appropriate any time an action agency is taking 
an action for them to consider the effect of their action on endan- 
gered species. In fact, they have an obligation to do so under the 
Endangered Species Act. But it is their call. 

Senator Vitter. It is the legal responsibility, it is their call. I am 
asking the question, are they making the right call by not initi- 
ating any consultation process with you on the matter? 

Mr. Ashe. That is not for me to say, sir. 

Senator Vitter. OK. If I could just wrap up, I think it is collec- 
tively for us to say, and I think clearly, clearly this major rule- 
making has a broad potential impact on endangered species. I 
think clearly the lack of any consultation is completely inappro- 
priate. 

Senator Whitehouse. Senator Sessions. 

Senator Sessions. Thank you, Mr. Chairman. I appreciate the 
opportunity to be with the subcommittee. 

Thank you both for being here today. Dr. Holdren, you are the 
Director of the Office fo Science and Technology Policy, called the 
President’s top science advisor, commonly, and it is an important 
office for sure. I would say you feel a responsibility to accurately 
tell the American people the challenges and facts dealing with 
science and technology in America. 

Mr. Holdren. That is one of my responsibilities. But my first re- 
sponsibility is giving the President accurate information about 
science and technology, bearing on his decisions. 

Senator Sessions. I understand that. On February 14th, during 
a press conference at the White House, about the President’s trip 
to California, where he was promoting or talking about a new $1 
billion drought climate change fund, you stated, a, weather prac- 
tically everywhere is being caused by climate change. 

Mr. Holdren. That is not quite what I said, sir, but we will 
come back to that. 

Senator Sessions. You said more than that. Then you said “We 
really understand a number of reasons that global climate change 
is increasing the intensity and frequency and life of drought and 
drought-prone regions.’* Then you talked about “the connection be- 
tween the increasing frequency and intensity of droughts and cli- 
mate change.’* You also asserted that severe droughts are **getting 
more frequent, they are getting longer, they are getting drier,’* and 
that **we have seen droughts and drought-prone regions becoming 
more frequent and more severe and longer.’* 

Will you stand by that? 

Mr. Holdren. The one part I don’t stand by is the initial 
quotation, because I said weather practically everywhere is being 
influenced by climate change, not caused by climate change. And 
I explained that as well in my opening statement here. What we 
have done, we have warmed the surface of the earth, we have 
warmed the surface of the oceans. That is influence climate and is 
influencing weather everywhere. 

Senator Sessions. The weather changes, we all know that, it has 
since time immemorial. But do you stand by your statements that 
droughts are getting more frequent, and getting longer and they 
are getting drier and the other comments I made? And if so, cite 
for us a scientific report or data that supports that. 
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Mr. Holdren. I would be happy to do that. My statement was 
that droughts are getting more severe in some regions. That is sup- 
ported by the report of the Intergovernmental Panel on Climate 
Change 2013. Its science basis supported by the National Climate 
Assessment 

Senator Sessions. No, no, no. What you said, sir, you said, and 
I am quoting here, the first quote I mentioned did mention 
drought-prone regions. But you talked about the connection be- 
tween increasing “frequency and intensity of drought and climate 
change’* and you asserted that severe droughts are “getting more 
frequent, they are getting longer and they are getting drier.’* 

Mr. Holdren. In some regions, and I would be happy to provide 
you the scientific references. There is a long list of them. 

Senator Sessions. Well, what about the United States of Amer- 
ica? 

Mr. Holdren. In the United States of America, droughts are get- 
ting more severe in the American west and in the Colorado River 
basin. We are experiencing in the Colorado River basin what looks 
like probably the most severe drought in a thousand years. Cali- 
fornia is heading for what looks like one of the most severe drought 
in 500 years. And the data show that we are experiencing in the 
western United States, we are experiencing one of the most 

Senator Sessions. Well, let me tell you what Dr. Pilkey said, 
who sat in that chair you are sitting in today just a few months 
ago, he is a climate impact expert, and he agrees that warming is 
partly caused by human emissions. But he testified **It is mis- 
leading and just plain incorrect to claim that disasters associated 
with hurricanes, tornadoes, floods or droughts have increased on 
climate change time scales either in the United States or globally.’* 
Dr. Roy Spencer at the University of Alabama testified **There is 
little or no observational evidence that severe weather of any type 
has worsened over the last 30, 50 or 100 years.’* The American En- 
terprise Institute evaluated the data and the National Oceanic and 
Atmospheric Administration Palmer Drought Severity Index, are 
you familiar with that? 

Mr. Holdren. I am. 

Senator Sessions. And they concluded **The Palmer Drought Se- 
verity Index shows no trend over the record period beginning in 
1895 in terms of drought. More areas in the United States have ex- 
perienced an increase in soil moisture than a decline.’* And the 
IPCC of April of last year admitted their previous reports had been 
in error, stating **Based on updated studies, conclusions regarding 
global increasing trends in drought since the 1970’s were probably 
overstated.’* And the congressional Research Service, our own 
group here, likewise finds that droughts haven’t been increasing. 

Mr. Holdren. On your last point about global drought, of course 
we know that in a warming world with evaporation increasing, pre- 
cipitation also increases. More places are getting wetter than are 
getting drier. 

Senator Sessions. Oh, so we don’t have any drought? 

Mr. Holdren. So when you say global drought, if I may finish, 
when you say global drought, you are averaging out the places that 
are getting drier and the places that are getting wetter. What I am 
talking about is what has been happening in drought-prone re- 
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gions. The first few people you quoted are not representative of the 
mainstream scientific opinion on this point. And again, I will he 
happy to submit for the record recent articles from Nature, Nature 
GeoScience, Nature Climate Change, Science and others showing 
that in drought-prone regions droughts are becoming more intense. 

Senator Whitehouse. The record will remain open for 2 weeks 
after this hearing. 

Senator Sessions. Mr. Chairman, I thank you and I thank the 
witness. We expect that a taxpayer paid government official should 
be very accurate and not advance a political agenda but tell us the 
absolute facts. 

Mr. Holdren. That is what I have been doing. 

Senator Sessions. I look forward to getting that additional infor- 
mation. 

Mr. Holdren. Happy to provide it. 

Senator Whitehouse. Thank you very much. Dr. Holdren. Thank 
you very much. Director Ashe. 

We are pressed for time, because we have a vote at 3:30, so let’s 
see how quickly we can get the next panel on, and I will urge them 
to be particularly diligent about confining their remarks to the al- 
lotted period of time, and we will see if we can get some questions 
in. 

Let’s swing right into action. I think you all heard the concerns 
that I have about our timeframe. We have been squeezed up 
against a vote that has been scheduled for 3:30. So we are going 
to have to try to fit in what we can. 

Let me start with Mr. Matson, who is the Vice President for Cli- 
mate Adaptation, at Defenders of Wildlife. He directs Defenders’ ef- 
forts to create and implement policies and strategies to safeguard 
wildlife and habitat from the effects of climate change. He has a 
BS in biology and geology from the University of Rochester, mas- 
ters in environmental management from the Yale School of For- 
estry and Environmental Studies, and his masters research focused 
on biodiversity and management of the National Elk Refuge in Wy- 
oming. Mr. Matson, please proceed. Your full statement will be 
made a matter of record. 

STATEMENT OF NOAH MATSON, VICE PRESIDENT FOR 
CLIMATE ADAPTATION, DEFENDERS OF WILDLIFE 

Mr. Matson. Thank you, Mr. Chairman, Ranking Member 
Inhofe. Again, my name is Noah Matson. I am the Vice President 
for Climate Change Adaptation for Defenders of Wildlife, a national 
non-profit conservation organization. Thank you for the opportunity 
to provide input into this important hearing. 

Asking your indulgement for a moment, imagine a country where 
a single storm could kill almost 2,000 citizens and level over $100 
billion worth of damage. Imagine a country where the majority of 
its fruits and vegetables and crops are threatened because of a pro- 
longed drought. Imagine a country where whole villages have to be 
relocated and escape an eroding coast. 

I am not talking about the Philippines, Namibia or the Maldives. 
All these things have happened or are happening right here in 
America, where Hurricane Katrina pummeled the Gulf Coast, Cali- 
fornia’s 3-year long drought is shriveling crops and the Alaskan 
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Native village of Newtek is making plans to move as its coast 
washes away. 

We are woefully unprepared for “natural disasters.’' Even less 
prepared as these and other disasters are magnified by a changing 
climate. Preparing for responding and adapting to the impacts of 
climate change is a moral and economic issue. Taking reasonable 
steps now to prepare for the future will save lives, save jobs, save 
money, save our communities and the nature that supports us. 

In preparing for the future we need to look to nature to provide 
many of the protective services we all need. We can reduce the risk 
of flooding by restoring flood plains that naturally absorb and slow 
flood waters. We can reduce the risk of water shortages and water 
quality degradation by maintaining and restoring watersheds. We 
can reduce the risk of wildlife by restoring forests near residential 
areas to more fire-adaptive ecosystems. 

Although nature can provide all these benefits to help protect our 
communities, wildlife and ecosystems are also being negatively im- 
pacted by climate change. Dr. Holdren and Dr. Ashe listed many 
of these impacts, so I won’t repeat them. However, I personally 
have seen the impacts on habitat first-hand in a number of na- 
tional wildlife refuges, including Prime Hook National Wildlife Ref- 
uge in Delaware. In 2009, a storm punched and breached the coast- 
al dunes at the refuge, spraying saltwater into the refuge’s fresh- 
water marshes, critical migratory stopover for tens of thousands of 
ducks, gees and other migratory birds. The saltwater killed the 
marsh, 4,000 acres in the span of a couple of years, as freshwater 
marsh grasses were converted to open water, limiting the ability of 
the refuge to provide for the migratory birds that depends on that 
habitat. 

The good news is the Federal Government, many State and local 
communities are beginning to plan for the future, a future unlike 
the past. The Obama administration is taking this issue seriously. 
Not only is the Administration tackling the causes of climate 
change head-on, limiting greenhouse gas emissions, the President 
has also issued an executive order on preparing for climate change. 

As described by Director Ashe, the Administration also released 
the National Fish, Wildlife and Plants Climate Adaptation Strat- 
egy. Since wildlife don’t know when they have crossed jurisdic- 
tional boundaries, the intergovernmental approach is critical if we 
are going to have any chance of helping species respond to climate 
change, especially as they attempt to shift their ranges across the 
landscape. 

Despite these important advances, more needs to be done. Spe- 
cifically, I urge the Congress to enact the Secure America’s Future 
Environment Act. Mr. Chairman, your SAFE Act would protect 
American communities, wildlife and natural habitat from the in- 
creasingly destructive effects of climate change. 

Two, providing funding. Congress should provide adequate fund- 
ing to maintain and expand key Federal programs supporting ad- 
aptation efforts and natural resources conservation. Three, we need 
to prepare better for disasters. Protecting and restoring natural 
systems is often the least expensive method of buffering commu- 
nities against disasters, and therefore must be considered in dis- 
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aster preparation and recovery. Finally, I urge you to protect large 
connected landscapes to facilitate species movements. 

On behalf of Defenders of Wildlife, I thank you for the oppor- 
tunity to provide this input and I would be happy to take any ques- 
tions. Thank you. 

[The prepared statement of Mr. Matson follows:] 
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Mister Chairman and members of the subcommittee, my name is Noah Matson and I am the Vice 
President for Climate Adaptation for Defenders of Wildlife. Thank you for the opportunity to 
provide input to the Committee on “Natural Resources Adaptation: Protecting ecosystems and 
economies.” 

My organization \vas founded in 1947 and is a national non-profit organization with more than 1 
million members and supporters dedicated to the protection and restoration of all wild animals and 
plants in their natural communities. I come before you today to express our profound concern that 
we stand at a crucial moment in our history when we must act, and act now, if we desire to protect 
this natural heritage — the nation’s diverse fish and wildlife resources. 

ITiis hearing couldn’t come at a more important time. As a nation we are unprepared for extreme 
weather events, “natural disasters”, and the growing impacts of climate change. Luckily, the federal 
government, states, and local communities are beginning to take important steps to address this 
critical issue, but much more needs to be done. 

CLIMATE AND EXTREME WEATIdER EVENTS ARE ALREADY IMPACTING SOCIETY 

Hurricane Katrina sent a wall of water almost 30 feet high crashing into the Gulf Coast, pushing its 
storm surge 12 miles inland, with disastrous consequences. It was one of our deadliest and costliest 
storms, responsible for taking almost 2,000 lives and leveling over $100 billion in economic 
damages. This damage was magnified by overheated ocean temperatures, rising sea levels, and 
degraded coastal ecosystems that were less able to absorb the powerful storm surge than in the past, 
not to mention years of ignoring New Orleans and other nearby communities’ vulnerabilities to such 
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a storm event. And just last year, Hurricane Sandy inflicted damages almost as great in the 
Northeast, damaging over 650,000 structurcs and displacing thousands of residents, many for over a 
year. 

Prolonged drought is crippling the nation’s agriculture sector. Drought in 201 1 and 2012 cost 
Oklahoma $2 billion in agricultural losses. The President recently visited California to survey the 
damage and commit federal resources to addressing the state’s historic drought threatening a large 
proportion of the nation’s fruit and vegetable crops. 2013 was the state’s driest year on record, a 
third straight year of drought, and agricultural losses for 2014 are projected to reach $5 billion. 

These impacts are only the “tip of the melting iceberg” of extreme events, from massive flooding to 
massive wildfires, the nation has recently experienced. In 2011, no fewer than 14 extreme- weather- 
related events — each one causing damages in the billion-doUar range — hit the United States, 
smashing the previous record of nine in 2008. These are disasters in large part because we have not 
developed appropriate systems and policies to deal with them, especially disasters that are outside 
historic average conditions. 

ECOSYSTEMS CAN HELP US BE BETTER PREPARED FOR CLIMATE IMPACTS 

We need to be better prepared for these and other climate-driven impacts and adapt to the new 
reality of more extreme weather and the other equally daunting challenges of a warming planet. One 
response to these impacts is technological - we can build bi^er levees, higher dams and stronger 
seawalls. These might protect some areas from larger rains and floods, but could also put other 
communities at risk. Higher levees, for instance, funnel more water downstream, resulting in greater 
flooding there, as well as catastrophic consequences should a levee fail. Moreover, in an era of 
declining budgets at all levels of government, massive investments in “hard infrastructure” may not 
be forthcoming even in the face of serious climate threats. 

By preserving and rebuilding our “green” infrastructure — floodplains, wetlands, forests and other 
natural components of our ecosystems that work together as a whole to provide “ecosystem 
services” such as flood control and water filtration — ^we can harness nature to help provide 
protection from extreme events. ‘ 

Harnessing the power of nature we can: 

• Reduce the risk of flooding by restoring floodplains that naturally absorb and slow flood 
waters. 

• Reduce the risk of water shortages and water quality degradation by maintaining and 
restoring water-system watersheds. 


^ For more information and detailed case studies of the use of ecosystems for building climate resilience, see Delach, 
Aimee. Harnessing Nature: The Ecosystem Approach to Climate Change Preparedness. 2012. Defenders of Wildlife. 
Available at http://www.defenders.org/sites/default/files/publicarions/hamessing-nature-the-ecosystem-approach-to- 
cHmate-change-preparedness-pdf 
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• Reduce the risk of heat stress associated with heat waves by planting shade trees, replacing 
impervious surfaces with green spaces and restoring forests near built-up areas to lessen the 
"heat island" effect. 

• Reduce the risk of wildfire by restoring forests near residential areas to more natural fire- 
adapted ecosystems. 

• Reduce the risk of sea level rise and storm surge by maintaining and restoring coastal 
wetlands and developing “living shorelines” instead of hard seawalls. 

Natural ecosystems provide coundess benefits and services to the nation, largely unnoticed. 
According to the Outdoor Industry Association, outdoor recreation alone, enjoyed in natural areas, 
supports over 6 million jobs and is a $646 billion industry, double the spending on pharmaceuticals 
($.331 billion).^ Natural resources conservation supports over 660,000 jobs and stimulates $93 
billion in direct economic activity.^ 

Nature matters. We pit jobs and industry versus the environment at our own peril. We direcdy 
depend on the environment for our survival, our quality of life, and our economy. We need to take 
a holistic view when planning for and responding to the impacts of climate change and increased 
risks of natural disasters. 

WILDLIFE AND ECOSYSTEMS ARE FEELING THE IMPACTS OF CLIMATE CHANGE 

Nature is also in trouble. Some of the first signs of our changing planet are apparent through 
changes we are seeing in wildlife populations. It is no exaggeration to say that all of the work that is 
being done to conserve wildlife and its habitat, in North America and around the globe, is put at risk 
by the potential consequences to wildlife of climate change. 

Species are the proverbial canaries in the coal mine. And it is not just polar bears that are losing 
ground. For example, moose populations from Maine to Minnesota have plummeted - driven 
down by warm winters that have allowed ticks and other parasites to thrive. 

The impacts on species are often complex. Exotic, introduced mosquitoes in Hawaii are finding 
more favorable conditions further upslope of Hawaii's volcanic mountains, spreading deadly avian 
malaria to many of Hawaii's endangered birds. Plants are blooming earlier, like Washington's cherry 
blossoms, but species that depend on certain flowers aren’t always emerging from the winter at the 
same time causing mismatches in timing of these important life cycle events. Snowshoe hares turn 
white in the late fall and brown in the spring in response to light, but with winters coming later and 
snow melting earlier than in the past, researchers are finding white hares on brown earth, making 
them easy prey. 


2 Outdoor Industry Association, 'fhe Outdoor Recreation Economy. 2012. Available at 
http://www.outdoorindustry.org/advocacy/recreation/tesources.php 

^ Southwick x\ssociations. The Conservation Economy: Direct investments and contributions. 2013. Prepared for the 
National Fish and Wildlife Foundation. AvaiIableathttp://www.avcrp.oig/wp-content/uploads/2013/04/NFWF- 
Conservation-Economy-Rpt-Southwick-3-ll-2013.pdf 
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Commercially important species are also in trouble. Oyster farms in the Pacific Northwest saw a 60 
percent drop in 2008 and crashed by 80 percent in 2009 as oyster shells were dissolved in the acidic 
waters created by too much C02 in the atmosphere. In the Norwest Atlantic Ocean, two thirds of 
the commercially important fish stocks shifted their latitude and depth significandy between 1968- 
2007 in response to increased sea temperatures, forcing fishing fleets to shift along with them at 
great costs.^ 

Habitat is also being lost. In 2009, a storm punched a breach through coastal dunes at Primehook 
National Wildlife Refuge in Delaware, spilling saltwater into the refuge’s freshwater marshes, critical 
migratory stopover for tens of thousands of ducks, geese and other migratory birds. The saltwater 
killed the marsh - 4,000 acres of freshwater marsh grasses were converted to open water - limiting 
the ability of the refuge to provide for the migratory birds dependent on that habitat. 

The impacts of climate change on species include; 

• Direct effects of higher temperatures 

• Sea and land ice and snowpack meltdowns 

• Habitat shifts 

• Heightened risks from invasive species and disease 

• Rising sea levels 

• Longer droughts 

• Greater extremes in precipitation and/ or flooding patterns 

• Disruptions to the timing and patterns of seasonal cycles and migrations 

• Excess carbon dioxide and ocean acidification 

• Changes in ocean circulation patterns 

Land and fish and wildlife managers need more resources to be able to detect and plan for these 
types of changes and clear policy direction to implement necessary protective measures. 

GROWING AWARENESS OF THE NEED FOR VIGOROUS POLICY RESPONSE 

The good news is that the federal government, and many states and local communities are already 
taking action. 

The Obama administration is taking this issue seriously. Not only is the administration tackling the 
causes of climate change head on, limiting greenhouse emissions from power plants and vehicles 
and improving energy efficiency, the President has also issued an executive order (E.0. 13653) on 
preparing for climate impacts. This important policy statement requires federal agencies to integrate 
climate change preparedness into their programs, to evaluate and reduce the risks of climate change 
on their missions and local communities, to coordinate their actions, and to support state, local. 


Nye JA, LinkJS, Hare JA, and Overholt 2 W}. 2009. Changing spatial distribution of fish stocks in relation to climate 
and population size on the Northeast United States continental shelf. Mar Ecol-Prog Ser 393: 111-29. 



58 


tribal and private-sector efforts to improve climate preparedness and resilience. ITie executive order 
recognizes the importance of “natural infrastructure,” safeguarding natural resources, and managing 
lands and waters for climate resilience. Too many of our federal lands and water projects have not 
assessed or planned for the impacts of climate change, and this executive order is a critical first step 
in addressing this deficiency. 

The administration also released the National Fish, Wildlife and Plants Climate Adaptation Strategy. 
This unprecedented effort was led by a steering committee of over 16 federal agencies, 5 states fish 
and wildlife agencies, and 2 tribal conservation commissions making it the first national-level 
intergovernmental climate adaptation strategy in the country. Since wildlife don’t know when they 
have crossed jurisdictional boundaries, this intergovernmental approach is critical if we are going to 
have any chance of helping species respond to climate change, especially as they attempt to shift 
their ranges across the landscape. For too long, individual land and fish and wildlife managers have 
been struggling with responding to the real-time impacts of climate change on their own. This 
strategy is the beginning of an effort to develop, coordinate, and implement shared approaches to 
dealing with climate change impacts. In addition to calling for integrating climate change into land 
and species management, one of the critical components of the strategy is to accelerate the 
conservation of an interconnected network of conservation lands, including increasing habitat 
connectivity for species that are on the move. The administration now needs to put leadership and 
resources behind implementing this important national strategy. 

Congress has also taken some important steps that will help make our wildhfe and ecosystems more 
resilient to the impacts of climate change and extreme events. 

Last year, Congress recognized the importance of planning and preparing for future conditions in 
The Hurricane Sandy Disaster Relief Supplemental Appropriations Act of 2013. Thanks to strong 
bipartisan support, particularly evident in the House, the measure included $360 million to 
Department of the Interior programs to “increase the resiliency and capacity of coastal habitat and 
infrastructure to withstand future storms and reduce the amount of damage caused by such storms.” 
The Interior Department is now busy restoring wedands, marshes, beaches and other coastal areas 
from Virginia to Rhode Island to Maine that will help buffer communities from future storms. 

The Hurricane Sandy supplemental appropriation gave $2.9 billion to the Army Corps of Engineers 
for planning and constracting flood-reducing projects that support the long-term sustainability of 
coastal ecosystems. It also set down some new ground rules: the bill requires the Army Corps of 
Engineers to reconsider projects that were authorized before Hurricane Sandy and other extreme 
weather events. These and all future project plans must take current scientific projections of 
climate-related risks into account. This is a big step towards making climate planning a part of all 
building decisions, and will help ensure the success of fumre projects. 

And thanks to congressional direction and funding, the National Climate Change and Wildlife 
Science Center has been established within the U.S. Geological Survey to help provide ongoing 
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critical scientific and technical information to land and wildlife managers in order to understand and 
plan for the impacts of climate change. 

At the state level, many fish and wildlife agencies have conducted climate vulnerability assessments 
of the wildlife in their states and have amended their State Wildlife Action Plans and other species 
management plans to address climate adaptation. More broadly, state, county and city governments 
have developed over 100 climate adaptation plans to reduce the risks of climate change. 

MOVING FORWARD TO A MORE RESILIENT FUTURE 

We are already experiencing the impacts of climate change.^ We absolutely need to reduce the levels 
of greenhouse gas emissions that cause global \rarming. Even if the human-induced emissions of 
greenhouse gases are stabilized in the very near future, however, our nation will continue to feel 
effects for centuries to come due to the timescales associated with climate processes and feedbacks. 
Simply put, we need to radically change our approach to natural resources, disaster mitigation and 
recover}', infrastructure, and other types of long-term planning to account for an ever changing 
climate. 

Despite the important legislative developments noted above. Congress must do more to ensure an 
effective response to this ongoing challenge. Additional actions by Congress should include: 

■ Enact the Securing America’s Future and Environment (SAFE) Act. Introduced by 
Senator Sheldon Whitehouse (RI) and former Senator Max Baucus (MT), the SAFE Act, S. 
1202, is designed to protect American communities, wildlife and natural habitat from the 
increasingly destructive effects of climate change. ITiis non-regulatory bill, supported by 
Defenders of Wildlife and sportsmen, conservation and recreation organizations, recognizes 
the coundess benefits that healthy natural resources provide to our country’s health, safety, 
economy and well-being, underscores the urgent need to help them adapt to a more rapidly 
changing climate and provides a road map to do so. The SAFE Act codifies the National 
Fish, Wildlife and Plants Climate Adaptation Strategy into law and encourages full agency 
implementation, 'fhe bill legislatively authorizes the National Climate Change and Wildlife 
Science Center, within the U.S. Geological Survey. The bill also provides context for 
directing any future resources Congress may choose to allocate to the states to help with 
addressing climate adaptation challenges, and ensures continuity of natural resources climate 
adaptation programs through changing administrations. 

■ Provide funding. Congress should provide adequate funding to maintain and expand key 
federal programs supporting adaptation efforts and natural resources conservation. Federal, 
state, and tribal agencies are starving for critically needed funds for both basic opemtions 
and for assessing, planning for, and implementing future-oriented adaptive actions. 


5 IPCC 2013. Summary for Policy Makers. Working Group I Contribution to the IPCC Fifth Assessment Report 
Climate Change 2013; The Physical Science Basis. Found diat wanning of the climate system is unequivocal and that it is 
extremely likely that human influence has been the dominant cause of the observed warming since the mid-20th century. 
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■ Prepare for Disasters. Protecting and restoring natural systems is often the least expensive 
method of buffering human communities against disaster and therefore must be considered 
in disaster preparation and recovery. Preparing for extreme climate impacts will save lives, 
property and tax dollars. Congress should build on the foundation laid by the Hurricane 
Sandy emergency supplemental appropriations and ensure federal natural disaster-related 
programs account for and mitigate climate risks. Federal disaster programs should anticipate 
future climate changes and build them into disaster planning, mitigation and recovery 
projects. 

■ Integrate climate change into all relevant programs and activities. In addition to 
disaster response programs, climate change places great risk to the achievement of many 
agency missions and programs. Even though the administration has released high-level 
adaptation policies, many federal agencies still aren’t accounting for climate change when 
planning their programs. 

■ Protect large, connected landscapes. Climate change is highlighting the value of 
protecting and reconnecting large landscapes that serve as critical watersheds, carbon storage 
banks, and wildlife habitat. Climate change forces species to move, but movement is 
restricted unless we protect a network of conservation areas connected by wildlife habitat 
corridors that allow species to respond to climate impacts. These natural areas will in turn 
provide us with clean water, flood protection, replenishment of our groundwater, open 
space and recreation- 


On behalf of Defenders of Wildlife, thank you for the opportunity to share our perspective on this 
critical issue. We look forward to working with this subcommittee and others in Congress to 
develop effective measures to help our wildlife and ecosystems adjust to the impacts of climate 
change and buffer our communities from climate risks. 
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Senator Whitehouse. Thank you very much, Mr. Matson. 

Our next witness is David Houghton. He is the President of the 
National Wildlife Refuge Association. The National Wildlife Refuge 
Association works with the National Wildlife Refuge System in en- 
gaging other conservation non-profits, private landowners, and ref- 
uge friends groups in safeguarding wildlife. Mr. Houghton has 
worked for and in partnership with the U.S. Fish and Wildlife 
Service for more than 25 years, including a stint at the Rhode Is- 
land Refuge Complex years ago, where he served as deputy refuge 
manager. 

We are delighted to have him here, and please, Mr. Houghton, 
proceed with your testimony. 

STATEMENT OF DAVID HOUGHTON, PRESIDENT, NATIONAL 
WILDLIFE REFUGE ASSOCIATION 

Mr. Houghton. Senator Whitehouse, thank you very much. It is 
an honor and a pleasure to be here today to talk about these im- 
portant issues. 

Again, I am David Houghton. I am President of the National 
Wildlife Refuge Association. The Association has worked since 1975 
to champion the integrity and the stature of the 150-million acre 
national wildlife refuge system. Many do not know that the refuge 
system is almost twice as large as the national park system. It an- 
nually receives 46.5 million visitors and has an economic output of 
$2.4 billion into the American economy. There is a national wildlife 
refuge in every State and territory of this great Country. 

A growing body of evidence has linked climate change and effects 
on wildlife populations. Migration timing, age, structure, as well as 
condition with wildlife has been affected. This has also been affect- 
ing the National Wildlife Refuge System around the Country. 

I would like to talk about some of these effects and then I would 
like to talk about what the United States Fish and Wildlife Service 
is doing and how this has positive effects on the economy. 

During Hurricane Sandy, which hit in October 2012, 35 national 
wildlife refuges were affected at a cost of $64 million. That is 
equivalent to 15 percent of the annual appropriation to national 
wildlife refuges. In Rhode Island, at Trustom Pond and John 
Chafee National Wildlife Refuges, the barrier beaches were eroded 
and the coastal marshes were impacted. 

What was clear about Hurricane Sandy, though, was that the 
natural systems on these refuges did far better than the manmade 
systems. But our managers at Trustom Pond National Wildlife Ref- 
uge, who have been managing threatened and endangered species 
of piping plovers and least terns, had never seen a storm with this 
kind of impact. This storm also affected the New Jersey coast, leav- 
ing a 22 mile trail of debris over fragile marshes and woodlands 
at Edwin B. Forsythe National Wildlife Refuge. 

We also see the storm effects outside of the northeast. For exam- 
ple, Button Island National Wildlife Refuge in Louisiana, which 
was one of the first established national wildlife refuges in 1904 by 
Teddy Roosevelt was initially 18,000 acres in total. Now, after hur- 
ricane after hurricane, it is only 2,000 acres. Passage Key in 
Tampa was a refuge that was established by Teddy Roosevelt. Be- 
cause of hurricanes, et cetera, it is no longer. It is no longer on the 
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face of the earth. So these storm events have had great impacts to 
the national wildlife refuge system. 

I would also like to talk about wildfires. We have seen increas- 
ingly large catastrophic wildfires in the western United States. 
This means that more resources are devoted toward fighting these 
catastrophic fires as well as the interface between forest and our 
urban areas. This has had an effect on national wildlife refuges be- 
cause prescribed burn is a very important wildlife tool. And the 
dollars are not there to be able to conduct these fires any more. 

So I would also like to talk about refuges as an economic power- 
house. A report that the Fish and Wildlife Service put out called 
Banking on Nature said that for every dollar that Congress invests 
into the National Wildlife Refuge system, $4.87 are returned to the 
American economy. That means that $2.4 billion came into the 
economy from refuges. So not only does climate change have an ef- 
fect on wildlife but also on the refuges ability to provide to the 
American economy. 

So what is the Fish and Wildlife Service doing about it? In Rhode 
Island, we are restoring over 300 acres of marsh, we are rebuilding 
a road into Sachuest National Wildlife Refuge. In the Everglades, 
in the State of Florida, we are working on a new type of refuge. 
This is a large, landscaped refuge that is able to connect various 
different endangered species to one another. And in the Pacific, we 
are working on a refuge. Palmyra Atoll National Wildlife Refuge, 
which is a unique reef system. We are working very hard to make 
sure that the reef remains. 

Thank you very much, sir. 

[The prepared statement of Mr. Houghton follows:] 
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Subcommittee Chairman Whitehouse, Ranking Member Inhofe, and 
distinguished members of the subcommittee, it is honor to be here today to share 
our views on natural resource adaptation and the importance of healthy 
ecosystems in protecting communities and supporting economies, and how these 
ecosystems are tied to fishing, hunting, tourism and outdoor recreation. 

I am David Houghton, President of the National Wildlife Refuge Association. The 
Refuge Association was established in 1975 as a champion for the integrity and 
stature of the 150 million acres of lands and waters of the National Wildlife 
Refuge System. The National Wildlife Refuge System is almost twice as large of 
the National Park System making it the world’s largest network of lands and 
waters protected for wildlife. The Refuge System receives 46.5 million visitors 
annually and generates $2.4 billion in economic return. There is a National 
Wildlife Refuge in every state and territory of this wonderful country. 

A growing body of evidence has linked accelerating climate change with 
observed changes in fish and wildlife, their populations, and their habitats in the 
United States. According to the U.S. Global Change Research Program, average 
temperatures of coastal and fresh waters are rising, and we are also 
experiencing rising sea levels, loss of sea ice, ocean acidification, and increased 
coastal flooding and erosion. Across the continental United States, climate 
change is affecting the migration cycles and body condition of migratory birds, 
causing decoupling of the arrival dates of birds on their breeding grounds and the 
availability of the food they need for successful reproduction. 

Fish and wildlife are facing various threats to their habitat including destructive 
fires, water shortages, invasive species and disease. The National Wildlife 
Refuge System is developing management and adaptation strategies at an 
ecosystem level as well at individual refuges. My testimony will highlight how 
different refuges are increasing resiliency and adapting to a changing climate. 

Storms 

During Hurricane Sandy, which hit the East Coast in October 2012, coastal 
wildlife refuges and marshes provided protection and buffering for inland areas. 
Hurricane Sandy hit 35 wildlife refuges in the northeast region and caused $64 
million in damage - the equivalent of 15% of the Refuge System’s annual 
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budget. Some of the refuge wetlands and dunes provided natural protection to 
nearby communities, but we must rebuild these important natural buffers to be 
more resilient in the future - both for people, wildlife and the economy. 

Rhode Island’s coastal lagoons and barrier beaches, which are home to 
waterfowl, fish species such as striped bass, and endangered species like least 
tern and piping plover, are highly susceptible to rising sea level and erosive 
forces associated with more frequent and more significant storm events. In the 
aftermath of Hurricane Sandy, several coastal restoration and refuge projects 
have been initiated with the Rhode Island Refuge Complex to increase resiliency 
for future storms. The goal is to enhance the health and condition of existing salt 
marshes that are threatened by shoreline erosion and high marsh subsidence. 

At Prime Hook National Wildlife Refuge on Delaware Bay is a critical stop on the 
Atlantic flyway of migratory birds, along with other Mid-Atlantic refuges like 
Chincoteague National Wildlife Refuge, Blackwater National Wildlife Refuge, and 
Bombay Hook National Wildlife Refuge. Prime Hook National Wildlife Refuge 
includes a thin barrier island with a sandy beach, and a marsh behind the beach 
that has been managed through a series of impoundments as fresh water habitat 
for migratory waterfowl since the 1960s. Sea level rise and recent coastal storms 
have degraded the freshwater marsh system at Prime Hook and turned it into an 
open water system that would not support fish and birds that rely on marshes 
and wetlands. The elimination of marshes and estuaries also exposes refuge 
lands and resources to future storms. 

Natural erosion, increased due to rising sea levels and increased storm surge, 
have caused the beach at Prime Hook to be breached by the sea many times 
over the years, causing an influx of salt water into the fresh-water back bay. 
Hurricane Sandy greatly accelerated the degradation of the refuge and beach. 
Residents on the barrier island support fixing these breaches because otherwise 
the water level rises in the bay and the overall barrier island could erode even 
more, threatening their houses. Hurricane emergency disaster funds totaling $40 
million are now being used to restore the marsh ecosystem, improve sediment 
retention, and repair the dunes. Hydrological models and long-term monitoring 
have been established to guide the restoration activities. Restoration of the 
natural hydrology will increase resilience and decrease long-term vulnerability 
and risk from storm events. 

In New Jersey, Hurricane Sandy left behind a 22-mile trail of debris in the fragile 
tidal marshes and woodlands of Edwin Forsythe National Wildlife Refuge. The 
U.S. Fish and Wildlife Service is working to finish this spring the initial cleanup of 
the debris and then start to restore these environmentally sensitive coastal areas. 
The cleanup at Forsythe refuge has been focused on Brick, Stafford and 
Eagleswood townships, where the bulk of the debris is located. The debris on the 
refuge includes large piles that contain roofs, docks, boats, household chemicals 
and drums. Forsythe National Wildlife Refuge protects more than 47,000 acres of 
sensitive wetlands, marshes, and coastal habitats along the New Jersey shore. It 
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is one of the most important habitats for migrating waterfowl and shorebirds east 
of the Mississippi River. 

Refuge Manager Virginia Rettig said it best, “Forsythe Refuge’s marshes 
buffered inland areas from the full brunt of Hurricane Sandy. Nature is our best 
defense against future storms, and we will clean and restore this vibrant and 
resilient stretch of coast to sustain wildlife and protect the people of New Jersey 
in the future.” 

Following the clean-up, the U.S. Fish and Wildlife Service will undertake a series 
of marsh restoration and enhancement projects designed to protect coastal 
communities and infrastructure along 60 miles of the New Jersey shore by 
increasing the amount, longevity and quality of thousands of salt marsh acres 
and their associated natural-human values such as floodwater storage, storm 
wave attenuation, water quality, boating and other recreational opportunities, 
public and commercial fishing, clamming and oyster grounds, and navigation 
channels. These values greatly enhance tourism, and the projects will support 
planning, engineering, construction and monitoring jobs. The projects will also 
create opportunities for environmental education and scientific research 
regarding coastal green infrastructure resilience. The living shoreline project will 
combine attributes of natural and engineered habitats to absorb and dissipate 
erosional forces and serve as a demonstration area to educate the public and 
scientists in technology that can be used to bolster our coastal knowledge to 
protect communities and natural resources. 

Finally, in the southeast, Breton Island National Wildlife Refuge in Louisiana was 
established in 1904 by Teddy Roosevelt to provide nesting habitat for thousands 
of pelicans, terns and skimmers. Increases in storm severity and frequency have 
dramatically reduced available habitat. As a result of events like Hurricane 
Katrina, what was once an 18,000-acre Refuge is now less than 2,000-acres of 
habitat. It is forecasted to completely disappear in the next five to ten years, 
following places like Passage Key in Tampa Bay, which no longer exists due to 
damage from severe storms. 

Drought 

this nation has seen a severe cycle of drought over the past five years, with 
focus now on the effects in California. The California drought presents a serious 
challenge for residents and farmers and is putting wildlife refuges at risk. 
Sacramento National Wildlife Refuge, Delevan National Wildlife Refuge and 
Colusa National Wildlife Refuge, just north of Sacramento, depend on irrigation in 
the summer and winter to maintain wetlands and food for migratory birds. These 
refuges cover 20,000 acres and receive annually at least 25,000 acre-feet of 
water. Due to the drought, they do not expect to receive their water allocation 
this summer, and each refuge has half the water than it normally does for this 
time of year for millions of ducks, geese and shorebirds. Sutter NWR will receive 
no water at all. Migratory birds are forced to forage elsewhere which could lead 
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to reversing the hard-fought successful restoration efforts won over the last 
several decades. The lack of water will reduce economic return to local 
economies and increase conflict between water needs of agriculture, waterfowl 
and threatened and endangered fish. 

Wildfir e 

Refuges are facing more extreme wildfire seasons. Each year fire budgets are 
increasingly allocated to fight catastrophic wildfires and protection of the urban- 
forest interface, leaving dramatically fewer resources for prescribed burning, an 
extremely important wildlife management tool in Refuges all over the country. 
Refuges use prescribed burning to reduce wildfire risk and spur regrowth of 
habitat for species. This is an essential management tool for the southwest and 
southeast and is integral to the recovery of threatened and endangered species. 
Last year, the Refuge System had half of the prescribed burning funds as it did in 
FY1 0. It is important that more funding is provided for recognized adaptation 
and mitigation strategies, including prescribed burning and hazardous fuels 
treatments. This approach can help reduce the costs of large wildfires, promote 
greater ecological resilience at landscape level, and reduce the impacts to 
ecosystems services and watersheds. 

National Wildlife Refuges - An Economic Powerhouse 
in November 201 3, the U.S. Fish and Wildlife Service released Banking On 
Nature, a report on the economic benefits to local communities of National 
Wildlife Refuge visitation. The report states that for every $1 Congress provides 
in funding to run the National Wildlife Refuge System, $4.87 on average is 
returned to local communities, making it a good investment of government funds. 
The Banking On Nature report also shows that national wildlife refuges are a 
good investment for local communities, providing a measurable boost to their 
economies. 

Even during the economic downturn, visitation increased at refuges and 
supported local communities. From 2006 to 201 1 , refuge visitation increased by 
30 percent and overall economic output from refuges increased by 22 percent, 
resulting in an annual $2.4 billion returned to local economies every year. 

The Banking On Nature report shows that the National Wildlife Refuge System: 

• Generates $2.4 billion in sales and economic output, a 20% increase 
since 2006; 

• Welcomes 46.5 million visitors annually, a 30% increase since 2006; 

• Returns on average $4.87 to a local economy for every $1 .00 Congress 
provides in funding, a 22% increase since 2006; 

• Creates 35,000 jobs annually, a 23% increase since 2006; 

• Produces $792.7 million in job income for local communities; 

• Generates $342.9 million in local, county, state and federal tax revenue 

• 77% of refuge-related spending was done by visitors from outside the 
local area. 
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Examples of Managing fo r Adaption and Resi liency 

Finally, I’d like to offer a few examples of how Refuges are managing for 

adaptation and resiliency. 

Rhode Island Refuges 

The purpose of restoration projects at John Chafee National Wildlife Refuge and 
Sachuest Point National Wildlife Refuge in Rhode Island is to increase coastal 
resilience to a changing climate for eight local communities, economies and 
wildlife that depend on healthy salt marsh ecosystems on over 400 acres in key 
coastal areas of Rhode Island. These projects will: Restore natural hydrologic 
flow and functioning to 300 acres of key salt marsh habitat; Enhance and sustain 
marsh habitat and nesting productivity for federal trust species; Enhance marsh 
resiliency to sea level rise by improving drainage and increasing marsh 
elevations; Reduce the frequency of flooding onto local roads, which prevents 
access to the refuge visitor center and beaches; Reduce the distribution of non- 
native species and limit infestations in the future; and Prevent coastal erosion 
while mitigating pollution and volume of storm water runoff. 

The USFWS, State of Rhode Island, Save the Bay, the Army Corp of Engineers, 
University of Rhode Island, the Environmental Protection Agency and others are 
working together to identify programs and practices to enhance salt marsh 
stability and resiliency across coastal Rhode Island. This work includes a 
comprehensive restoration strategy on the John Chafee National Wildlife Refuge 
in the Narrow River to increase salt marsh shoreline stability, use of beneficial 
dredge materials to enhance salt marsh elevations, and providing for adequate 
drainage within salt marshes to allow these areas to keep up with sea level at the 
maximum rate possible. 

Everglades Headwaters National Wildlife Refuge and Conservation Area 

This new National Wildlife Refuge and Conservation in central Florida is located 
in the headwater region of a World Heritage Site: the Everglades. The Refuge 
and Conservation Area was designed to maintain resiliency and provide adaption 
opportunities for wildlife by conserving large in-tact lands, maintaining water 
storage and filtration function in the upper watershed, and creating connected 
corridors of habitat to allow for nearly 50 threatened and endangered species to 
adapt and remain resilient to environmental stressors such as climate change. 

The Conservation Area was designed to engage many federal, state, and local 
partners, working together to each play a role in protecting this large landscape. 
What is also interesting about this new collaborative way of doing business is 
that in addition to securing the areas that will be most resilient to climate change 
and offer adaptive qualities for wildlife, the effort is simultaneously safeguarding 
the water supply for nearly 7 million Americans in South Florida, protecting the 
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American food supply by conserving some of the largest calf-cow ranches in the 
United States, and it supplements the buffer zone around air training operations 
at the Avon Park Military Base, allowing the military to train our men and women 
of the armed forces in combat flight operations. This Refuge is not only good for 
conserving ecosystems, it protects American ways of life. 

Texas Coastal Refuges 

The U.S. Fish and Wildlife Service has made strategic investments in future 
storm response capability. As a result of hurricane damage, the Service has 
taken proactive steps to consolidate operations and maintenance facilities at four 
coastal refuges in Louisiana and Texas. The Winnie, Texas depot was 
constructed in response to repeated hurricane storm damage and loss of heavy 
equipment. The USFWS consolidated operations into one depot facility rather 
than continue to maintain separate and distinct fleets of equipment at four low- 
lying refuges. The facility is centrally located and above any threat from future 
flooding and serves as the command center for emergency operations. And, the 
facility is Leadership in Energy and Environmental Design (LEED)-silver rated. 
We would like to cite this effort as a good investment in adaptation and a model 
of how to plan for future needs. 

Palmyra Atoll National Wildlife Refuge 

This remote Refuge in the Pacific Ocean just north of the equator has the most 
pristine coral reefs left in the world. The U.S. Fish and Wildlife Service is working 
to remove human stressors such as shipwrecks that bleed iron that in turn ruins 
reefs, and to restore forests on remote islands. Reducing man-made stresses on 
the reef allows the reefs to be more resilient to warming waters protects a 
treasure chest of life that may provide science with species that have played 
critical roles in fighting disease and providing other benefits to man besides their 
inherent value and beauty. Palmyra will act as a last refuge of coral reefs In the 
Pacific. 

Funding 

We at the Refuge Association thank this body for an increase in the budget of the 
National Wildlife Refuge System this year over last year. However, this year’s 
enacted amount is still almost 10% down from the FY10 enacted budget. The 
150 million-acre Refuge System receives slightly more than $450 million in 
operation and maintenance. This compares to the 84 million-acre National Park 
System that received $2.2 billion, and the Department of Defense marching 
bands that received $500 million. Refuges are underfunded to carry out their 
important mission, particularly in a changing world. The Service has a proven 
track record in Rhode Island, Maryland, Florida, Texas, and all over the nation of 
developing strategies to adapt and keep these magnificent lands and the 
wonderful wildlife resilient in a changing world. The Fish and Wildlife Service 
needs the resources to continue to pump $2.4 billion into the economy each year 
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plus provide $33 billion in ecosystem services to the American public. We 
respectfully ask for your help and support to protect these national gems like 
Trustom Pond, Wichita Mountains, Black Bayou, White River and the other 562 
Refuges that span from the shores of Maine to the reefs of the Caribbean across 
our heartland to the wide majestic spaces of Alaska to the exotic atolls of the 
Pacific. 

Thank you again for the opportunity to testify before the subcommittee and I 
would be pleased to answer any questions Senators may have. 
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Senator Whitehouse. Thank you very much. 

Our next witness, I have a point of personal privilege in recog- 
nizing. He is Christopher Brown, the president of the Rhode Island 
Commercial Fishermen’s Association. The Rhode Island Commer- 
cial Fishermen’s Association was founded in 2000 to protect Rhode 
Island’s first industry from becoming extinct, by maintaining the 
commercial fishery in the State of Rhode Island as a way of life for 
present and future generations. 

Mr. Brown is the captain of the fishing vessel Proud Mary out 
of Point Judith, Rhode Island. He built his first boat in 1978 at the 
age of 20. And he sailed that vessel, the Grandville Davis, for 31 
years. He owns Brown Family Seafood, and we are delighted to 
have him here. Mr. Brown? 

STATEMENT OF CHRISTOPHER BROWN, PRESIDENT, RHODE 
ISLAND COMMERCIAL FISHERMEN’S ASSOCIATION 

Mr. Brown. Thank you, Mr. Chairman and distinguished mem- 
bers of the committee. 

Let me begin by thanking you all for letting me share some of 
the perspectives that I have garnered in over 35 years as a fisher- 
man and 25 years in service to the resource and my industry. 

I fish on a much different ocean today than when I first started 
fishing with my grandfather as a boy in the mid-1960’s. When I 
started out fishing, catching haddock in the waters around Point 
Judith was commonplace and they were a daily component of our 
catch. Last year, in 200 days of fishing, I caught only two. They 
are considered fully rebuilt and are now managed jointly with Can- 
ada by virtue of the climate that they have chosen to live in. 

In the fall of 2013, in Block Island Sound, I caught 1,800 pounds 
of spot in a single set of my net. These are fish that are indigenous 
to the Carolinas, not southern New England. I had never seen a 
single one until the late 1990’s. Although not greatly abundant, 
regularly caught now in Rhode Island are the species of croaker, 
grouper, cobia, drum and tarpon. My grandfather never saw a sin- 
gle one of these in his entire life as a fisherman. 

Dogfish were determined to have been over-fished roughly 15 to 
20 years ago and were assigned to a rebuilding plan. The plan was 
driven by incorrect biological assumptions of their reproductive ca- 
pability and initial abundance. They have now overpopulated the 
waters of the Atlantic from Hatteras to Nova Scotia to the extent 
that there is no longer an effective migration. In their current 
unexploited condition, they stand to significantly hamper the recov- 
ery of species that either compete with or serve as a food source. 
These are the findings of Dr. James Sulowsky, Ph.D., professor at 
the Unviersity of New England, the foremost authority on dogfish 
in the United States. 

I hope that I have adequately portrayed an ocean that is in flux. 
In New England, we currently are an industry that is in search of 
a science-based, regulatory co-existence with the laws that govern 
our fishery. We are a cold water region that has suffered greatly 
at the hands of a warming regime. Our inability to successfully re- 
build several key stocks is well documented. We have evoked the 
ire of Magnusson repeatedly, and been put to the lash at the hands 
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of an Act that up until now, reasons that ideology serves as a fair 
substitute for sound and relevant science. 

The Magnusson Act was assembled at a time when the science 
surrounding our fisheries was in its infancy. As we should antici- 
pate, the scientific perspective of the management of our oceans 
should evolve. The Act has not. To date, we have failed to articu- 
late those discoveries into actionable policy within our fisheries. 
Any national policy that remains predicated upon outdated sci- 
entific perspectives will do unnecessary economic harm to those 
whom it serves. It will limit the productivity of what I believe to 
be our national strategic protein reserves and will to some extent 
damage our national food security. 

Our failure to tease out an edified response to these problems 
from the larger national debate surrounding climate shift strands 
the enormous sum that we have invested in science and leaves my 
region without an effective solution to an ongoing and complex en- 
vironmental problem. Our fields will lay fallow until we dare fash- 
ion a different response. 

The framers of Magnusson were wise in their decision to con- 
struct a document that was largely conceptual by nature. Given 
that it is thematic and overarching it is therefore lacking in the 
granular specificity that is needed to deal with environmental prob- 
lems that are beyond the realm of what was once known. 
Magnusson Stevens is a profoundly valuable document that should 
remain our North Star of fisheries management policy. But in New 
England, in the face of wholesale systemic change, as a standalone 
document, it has failed to produce the biological or economic results 
that have been promised and delivered elsewhere. It is in need of 
a reasonable complement. I believe that the SAFE Act is that com- 
plement. It is one which does not attempt to separate the fish from 
the surrounding sea. I believe it is worthy of your approval. 

The wild-caught fisheries of the Northeast may ultimately prove 
to be the coal miner’s canary for the Nation as we grapple with the 
issue of climate change. A reconsideration of our strategy is called 
for, given the enormous chasm between what we have endured and 
what we have gained in New England. I view the SAFE Act as a 
sound, reasonable, and measured complement to Magnusson. It 
represents a new set of eyes on the problem and another tool in 
the tool box. It respects both sides of the larger debate and a 
chance to evaluate the potential for new strategies in healing our 
Nation’s most iconic fishery. 

I urge you to pass this Bill along for further consideration and 
discussion. Thank you. 

[The prepared statement of Mr. Brown follows:] 

Statement of Christopher Brown, President, Rhode Island 
Commercial Fishermen’s Association 

Let me begin by thanking you all for letting me share some of the perspectives 
that I have garnered in over 35 years as a fisherman and 25 in service to the re- 
source and my industry. 

I fish on a much different ocean today than when I first stared fishing with my 
grandfather as a boy in the mid-1960’s. When I started out, catching haddock in 
the waters around Pt Judith was commonplace and a daily component of our catch. 

Last year I caught only two. They are considered fully rebuilt and are now man- 
aged jointly with Canada by virtue of the climate that they have chosen to live in. 
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In the fall of 2013 I caught 1800 pounds of spot in a single set off my net. These 
are a fish that are indigenous to the Carolinas. Not Southern New England. I had 
never seen a single one until the late 90’s. Although not greatly abundant, regularly 
caught now in Rhode Island are the species of Croaker, Grouper, Cobia, Drum and 
Tarpon. My grandfather never saw a single one of these in his entire life as a fisher- 
man. 

Dogfish were determined to have been over fished roughly 15 years ago and were 
assigned to a rebuilding plan. The plan was driven by incorrect biological assump- 
tions of their reproductive capability and initial abundance. They have now over- 
populated the waters of the Atlantic, from Hatteras to Nova Scotia to an extent that 
there is no longer an effective migration. In their current unexploited condition, 
they stand to significantly hamper the recovery of a species that either compete 
with or serve as a food source. These, the findings of Dr. James Sulowsky PHD, Pro- 
fessor at The University of New England, the foremost authority on dogfish in the 
U.S. 

I hope that I have adequately portrayed an ocean that is in flux. In New England, 
we currently are an industry that is in search of a science based, regulatory co-exist- 
ence with the laws that govern our fishery. We are a cold water region that has 
suffered greatly at the hands of a warming regime. Our inability to successfully re- 
build several key stocks is well documented. We have evoked the ire of Magnusson, 
and been put to the lash at the hands of an act that reasons repeatedly that ide- 
ology serves as a fair substitute for sound relevant science. 

The Magnusson act was assembled at a time when the science surrounding our 
fisheries was in its infancy. As we should anticipate, the scientific perspective of the 
management of our oceans should evolve. The act has not. To date, we have failed 
to articulate those discoveries into actionable policy within our fisheries. Any na- 
tional policy that remains predicated on outdated scientific perspectives will do un- 
necessary economic harm to those it serves; it will limit the productivity of what 
I believe, are our national protein reserves and compromise to some extent our na- 
tional food security. Our failure to tease out an edified response to these problems 
from the larger national debate surrounding climate shift, strands the enormous 
sum that we have invested in science and leaves my region without an effective so- 
lution to an ongoing and complex environmental problem. Our fields will lay fallow 
till we dare fashion a different response. 

The framers of Magnusson were wise in their decision to construct a document 
that is largely conceptual by nature. Given that it is thematic and overarching it 
is there for lacking in the granular specificity that is needed to deal with environ- 
mental problems that are beyond the rehelm of what was once known. Magnusson 
Stevens is a profoundly valuable document that should remain our North Star of 
fisheries management policy, but In New England, in the face of wholesale systemic 
change, as a stand-alone, document, it has failed to produce the biological or eco- 
nomic results that have been promised and delivered elsewhere. It is in need of a 
reasonable compliment, one which is free to consider environmental conditions as 
a necessary component of its decisionmaking process. One which does not attempt 
to separate the fish from the surrounding sea. I believe that the “Safe Act” could 
serve our national transition to ecosystem based management, as is called for in 
Magnusson’s vision of our fishery. 

The wild caught fisheries of the Northeast may ultimately prove to be the “coal 
miner’s canary” for this Nation as we grapple with the issue of climate change. A 
reconsideration of strategy is called for given the enormous chasm between what we 
have endured and what we have gained. 

I view the Safe Act as a sound, reasonable, and measured compliment to 
Magnusson. It represents a new set of eyes on the problem and another tool in the 
tool box. It respects both sides of the larger debate and a chance to evaluate the 
potential for new strategies in healing our Nation’s most iconic fishery. I urge you 
to pass this Bill along for further consideration and discussion. 

Senator Whitehouse. Thank you, Captain Brown. I appreciate 
it. 

Our next witness is Dr. Patrick Moore, the Chair and Chief Sci- 
entist of Ecosense Environmental in Vancouver, Canada. Dr. Moore 
is a co-founder and former chair of Greenspirit Strategies, an envi- 
ronmental consulting and communications firm in Vancouver, Can- 
ada. He received a bachelor of science in forest biology and a Ph.D. 
in ecology from the University of British Columbia in Canada. Wel- 
come, and please proceed with your statement. 
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STATEMENT OF PATRICK MOORE, PH.D., CHAIR AND CHIEF 
SCIENTIST, ECOSENSE ENVIRONMENTAL 

Mr. Moore. Thank you, Chairman Whitehouse, Ranking Member 
Inhofe. 

In 1971, as a Ph.D. student in ecology, I joined an activist group 
in a church basement in Vancouver Canada and sailed on a small 
boat across the Pacific to protest U.S. hydrogen bomb testing in 
Alaska. We became Greenpeace. 

After 15 years in the top committee I had to leave, as 
Greenpeace began to adopt policies that I could not accept from my 
scientific perspective. Climate change wasn’t really an issue when 
I abandoned Greenpeace, but it certainly is today. 

There is no scientific proof that human emissions of carbon diox- 
ide are the dominant cause of the minor warming of the earth’s at- 
mosphere over the past 100 years. If there were such a proof it 
would be written down for all to see. No actual proof, as it is un- 
derstood in science, exists. Please see Exhibit 1. 

The IPCC states, “It is extremely likely that human influence 
has been the dominant cause of the observed warming since the 
mid-20th century.’' “Extremely likely’' is not a scientific term but 
rather a judgment, as in a court of law. The IPCC defines ex- 
tremely likely as a 95 to 100 percent probability. Those numbers 
are not the result of any mathematical calculation or statistical 
analysis. They have been invented to express the “expert 
judgment’' as determined by the IPCC. 

As noted by many observers, including Dr. Freeman Dyson of the 
Princeton Institute for Advanced Studies, a computer model is not 
a crystal ball. We may think it sophisticated, but we cannot predict 
the future with a computer model any more than we can make pre- 
dictions with crystal balls, throwing bones, or by appealing to the 
gods. When modern life evolved over 500 million years ago, please 
see the second exhibit, CO 2 was more than 10 times higher than 
today, yet life flourished at that time. Then an ice age occurred 450 
million years ago when CO 2 was still 10 times higher than today. 
The fact that there were both higher temperatures and an ice age 
at a time when CO 2 was 10 times higher than they are today fun- 
damentally contradicts the certainty that CO 2 emissions are the 
main cause of global warming. 

Today we remain locked in what is still the Pleistocene Ice Age, 
with an average global temperature of 14.5 degrees Celsius. This 
compares with a low of about 12 degrees Celsius during the periods 
of maximum glaciation in this ice age to an average of 22 degrees 
Celsius during the Greenhouse Ages, which occurred over longer 
time periods prior to the most recent ice age. During the Green- 
house Ages, there was no ice on either pole and all the land was 
tropical and sub-tropical. As recently as 3 million years ago the Ca- 
nadian Arctic islands were forested. Today, we live in an unusually 
cold period in the history of life, note on the graph here 14.5 de- 
grees, an unusually low period in carbon dioxide in the history of 
life, 400 ppm. 

There is ample reason to believe that a sharp cooling of the cli- 
mate would bring disastrous results for human civilization, where 
there is no reason to believe that a warmer climate would be any- 
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thing but beneficial for humans and the majority of other species. 
Please see Exhibit 3. 

The IPCC states that humans are the dominant cause of warm- 
ing since the mid-20th century, which was 1950. From 1910 to 
1940, there was an increase in global average temperature of half 
a degree Celsius over that 30-year period. Then there was a 30- 
year pause until 1970. This was followed by an increase of .57 de- 
grees Celsius during the 30-year period from 1970 to 2000. Since 
then there has been no increase. This in itself tends to negate the 
validity of the computer models, as CO 2 emissions have continued 
to accelerate during this time. 

The increase in temperature between 1910 and 1940 was vir- 
tually identical to the increase between 1970 to 2000. Yet the IPCC 
does not attribute the increase from 1910 to 1940 to human influ- 
ence. They are clear in their belief that human emissions impact 
only increased the temperature since the mid-20th century. Why 
does the IPCC believe that a virtually identical increase in tem- 
perature after 1950 is caused mainly by human influence, when it 
has no explanation for the nearly identical increase from 1910 to 
1940? 

It is important to recognize that humans are a tropical species. 
We evolved at the equator in a climate where freezing temperature 
did not exist. The only reasons we can survive these cold climates 
are fire, clothing, and housing. It could be said that frost and ice 
are the enemies of life, except for those relatively few species that 
have evolved to adapt to freezing temperatures during the ice age. 
It is extremely likely that a warmer temperature than today’s 
would be far better than a cooler one. 

Thank you, Mr. Chairman. 

[The prepared statement of Mr. Moore follows:] 



76 


Statement of Patrick Moore, Ph.D. 

Before the Senate Environment anjd Public Works Committee, Subcommittee on 

Oversight 

February 25, 2014 

"Natural Resource Adaptation; Protecting ecosystems and economies" 

Chairman Whitehouse, Ranking Member Inhofe, and members of the Committee. 
Thank you for the opportunity to testify at today's hearing. 

in 1971, as a PhD student in ecology I joined an activist group in a church basement in 
Vancouver Canada and sailed on a small boat across the Pacific to protest US 
Hydrogen bomb testing in Alaska. We became Greenpeace. 

After 15 years in the top committee 1 had to leave as Greenpeace took a sharp turn to 
the political left, and began to adopt policies that 1 could not accept from my scientific 
perspective. Climate change was not an issue when I abandoned Greenpeace, but it 
certainly is now. 

There is no scientific proof that human emissions of carbon dioxide (C02) are the 
dominant cause of the minor warming of the Earth’s atmosphere over the past 100 
years. If there were such a proof it would be written down for all to see. No actual 
proof, as it is understood in science, exists. 

The Intergovernmental Panel on Climate Change (IPCC) states: "It is extremely likely 
that human influence has been the dominant cause of the observed warming since 
the mid-20**' century." (My emphasis) 

"Extremely likely" is not a scientific term but rather a judgment, as in a court of law. 
The IPCC defines "extremely likely" as a "95-100% probability". But upon further 
examination it is clear that these numbers are not the result of any mathematical 
calculation or statistical analysis. They have been "invented" as a construct within the 
IPCC report to express "expert judgment”, as determined by the IPCC contributors. 

These judgments are based, almost entirely, on the results of sophisticated computer 
models designed to predict the future of global climate. As noted by many observers, 
including Dr. Freeman Dyson of the Princeton Institute for Advanced Studies, a 
computer model is not a crystal ball. We may think it sophisticated, but we cannot 
predict the future with a computer model any more than we can make predictions 
with crystal balls, throwing bones, or by appealing to the Gods. 

Perhaps the simplest way to expose the fallacy of "extreme certainty" is to look at the 
historical record. With the historical record, we do have some degree of certainty 
compared to predictions of the future. When modern life evolved over 500 million 
years ago, C02 was more than 10 times higher than today, yet life flourished at this 
time. Then an Ice Age occurred 450 million years ago when C02 was 10 times higher 
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than today. There is some correlation, but little evidence, to support a direct causal 
relationship between C02 and global temperature through the millennia. The fact that 
we had both higher temperatures and an ice age at a time when C02 emissions were 
10 times higher than they are today fundamentally contradicts the certainty that 
human-caused C02 emissions are the main cause of global warming. 

Today we remain locked in what is essentially still the Pleistocene Ice Age, with an 
average global temperature of 14.5®C. This compares with a low of about 12°C during 
the periods of maximum glaciation in this Ice Age to an average of 22‘>C during the 
Greenhouse Ages, which occurred over longer time periods prior to the most recent 
Ice Age. During the Greenhouse Ages, there was no ice on either pole and all the land 
was tropical and sub-tropical, from pole to pole. As recently as 5 million years ago the 
Canadian Arctic islands were completely forested. Today, we live in an unusually cold 
period in the histoiy of life on earth and there is no reason to believe that a warmer 
climate would be anything but beneficial for humans and the majority of other 
species. There is ample reason to believe that a sharp cooling of the climate would 
bring disastrous results for human civilization. 

Moving closer to the present day, it is instructive to study the record of average global 
temperature during the past 130 years. The IPCC states that humans are the dominant 
cause of warming "since the mid-20''' century",, which is 1950. From 1910 to 1940 
there was an increase in global average temperature of 0.5°C over that 30-year period. 
Then there was a 30-year "pause" until 1970. This was followed by an increase of 
0.57“C during the 30-year period from 1970 to 2000. Since then there has been no 
increase, perhaps a slight decrease, in average global temperature. This in itself tends 
to negate the validity of the computer models, as C02 emissions have continued to 
accelerate during this time. 

The increase in temperature between 1910-1940 was virtually identical to the 
increase between 1970-2000. Yet the IPCC does not attribute the increase from 1910- 
1940 to "human influence.” They are clear in their belief that human emissions impact 
only the increase "since the mid-20* century". Why does the IPCC believe that a 
virtually identical increase in temperature after 1950 is caused mainly by "human 
influence”, when it has no explanation for the nearly identical increase from 1910- 
1940? 

It is important to recognize, in the face of dire predictions about a 2oC rise in global 
average temperature, that humans are a tropical species. We evolved at the equator in 
a climate where freezing weather did not exist The only reasons we can survive these 
cold climates are fire, clothing, and housing. It could be said that frost and ice are the 
enemies of life, except for those relatively few species that have evolved to adapt to 
freezing temperatures during this Pleistocene Ice Age. It is "extremely likely" that a 
warmer temperature than today's would be far better than a cooler one. 

1 realize that my comments are contrary to much of the speculation about our climate 
that is bandied about today. However, I am confident that history will bear me out, 
both in terms of the futility of relying on computer models to predict the future, and 
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the fact that warmer temperatures are better than colder temperatures for most 
species. 

If we wish to preserve natural biodiversity, wildlife, and human well being, we should 
simultaneously plan for both warming and cooling, recognizing that cooling would be 
the most damaging of the two trends. We do not know whether the present pause in 
temperature will remain for some time, or whether it will go up or down at some time 
in the near future. What we do know with "extreme certainty" is that the climate is 
always changing, between pauses, and that we are not capable, with our limited 
|knowledge, of predicting which way it will go next 

Thank you for the opportunity to present my views on this important subject 

Attached please find the chapter on climate change from my book, "Confessions of a 
Greenpeace Dropout: The Making of a Sensible Environmentalist". 1 would request it 
be made part of the record. 
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Excerpted from: 

Confessions of a Greenpeace Dropout: 

The Making of a Sensible Environmentalist 

Patrick Moore, Ph.D. Published 2013 


chapter twenty-one 

Climate of Fear 

If a man will begin with certainties, he shall end in doubts; but if he will be content 
to begin with doubts he shall end in certainties. □ — Sir Francis Bacon 

rj'he global media tells us plainly and bluntly that the vast majority of the world’s 

scientists believe we are headed for a climate catastrophe that will devastate human 
civilization and the environment. We have no choice W to act immediately to save 
ourselves from this apocalypse. The greatest threat is the COj released, from burning 
fossil fuels and cutting forests. Fossil fuel use must be cut by 80 percent or more, 
and we must stop cutting trees. How should we react to this warning? 

The subject of climate change, also referred to as global warming, is perhaps the 
most complex scientific issue we have ever attempted to re- solve. Hundreds, 
possibly thousands of factors influence the earth’s cli- mate, many in ways we do 
not fully understand. So, first, let us recognize that the science of climate is not 
settled. In fact, we are only beginning to understand how the earth’s climate works. 

It is not correct to use the terms global warming emA climate change as if they were 
interchangeable. Global warming is a very specific term meaning exactly what it 
says, that the average temperature of the earth is increasing over time. Climate 
change is a much more general term that includes many factors. For one thing the 
climate is always changing, whereas it is not always getting warmer. The old maxim 
“the only constant is change” fits perfectly here. And as the belief in human-caused 
global warming has come into doubt the term climate change has been adopted as a 
substitute, even though it means something completely different. 

342 


confessions of a greenpeace dropout 
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It is one thing to claim increases in COj cause global warming and quite another to 
claim increases in CO^ cause: 

• Higher temperatures 

• Lower temperatures 

• More snow and blizzards 

• Drought, fire, and floods 

• Rising sea levels 

■ Disappearing glaciers 

• Loss of sea ice at the poles 

• Species extinction 

• More and stronger storms 

• More storm damage 

• More volcanic eruptions 

• Dying forests 

• Death of coral reefs and shellfish 

• Shutting down the Gulf Stream 

• Fatal heat waves 

• More heat-related illness and disease 

• Crop failure and food shortages 

• Millions of climate change refugees 

• Increased cancer, cardiovascular disease, mental illness, and respiratory disease^*'' 

• And, a devastating effect on the quality of French wines^®’ □ 

The science of climatology is only a few decades old. It is not a single science but 
rather an interdisciplinary cluster of sciences. These include meteorology (the study 
of weather), atmospheric chemistry, astrophysics and cosmic rays, geology and 
other earth sciences, oceanography, carbon cycling through all living species, soil 
science, geology, climate history through the millennia, ice ages and greenhouse 
ages, study of the sun, knowledge of earth wobbles, magnetic fields and orbital 
variations, etc. All of these disciplines are interrelated in complex, dynamic patterns 
that cannot be reduced to a simple equation. That is why climatologists have built 
very complicated computer models in the hope of predicting future climatic 
conditions. DA “climate change community” has evolved over the past 30 years 
con- sisting of widely divergent groups with sharply differing opinions. The most 
prominent and formally structured group is the United Nations Intergovernmental 
Panel on Climate Change (IPCC) and the scientists, 0 
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scholars, activists, and politicians who associate themselves with this organization. 
The IPCC was created in 1988 as a partnership between the World Meteorological 
Organization and the United Nations Environment Program, put simply, 
meteorologists and environmentalists. Members of this group generally believe 
humans are causing global warming, that we are changing the climate, and this will 
generally be negative for civilization and the environment. They claim to represent 
an “overwhelming consensus among climate scientists.”^®^ 

The IPCC is rather insular, believing its members are the only true climate scientists 
and that those who disagree with them are either some other kind of scientists, or not 
really scientists at all. Thus there is a self- defined overwhelming, even unanimous, 
consensus because they don’t recognize the legitimacy of those who disagree with 
them. In 2007 the IPCC published its Fourth Assessment Report, which stated, 

“Most of the observed increase in global average temperatures since the mid-20th 
century is very likely due to the observed increase in anthropogenic (human- caused) 
greenhouse gas concentrations.”^*^ 

At the other end of this spectrum there is a considerable contingent of scientists and 
scholars, largely schooled in the earth and astronomical sciences, who believe 
climate is largely influenced by natural forces and cycles. They were not organized 
into an official body until 2007 when the Nongovernmental International Panel on 
Climate Change (NIPCC) was formed in Vienna. Led by atmospheric scientist Dr. 
Fred Singer, the NIPCC published “Climate Change Reconsidered,” a 
comprehensive scientific critique of the IPCC’s findings, in 2009.^*'* This report was 
signed by more than 3 1,000 American scientists and concluded, “there is no 
convincing scientific evidence that human release of carbon dioxide, methane, or 
other greenhouse gases is causing or will, in the foreseeable future, cause 
catastrophic heating of the Earth’s atmosphere and disruption of the Earth’s 
climate.”^’^ Clearly there is no overwhelming consensus among scientists on the 
subject of climate.^** In my opinion the believers and the skeptics of human-caused, 
catastrophic climate change can be roughly divided between those who see history 
in very recent terms (years to thousands of years) and those who see history in the 
long term (thousands to hundreds of millions of years). Both meteorologists and 
environmentalists tend to think about weather and climate in 

292, “Statistical Analysis of Consensus,” redclimate.org, December 16, 2004. htt p://w^'w.rea{climate.org/index.php/archives/20Q4/l2/a- 
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terms of recent human history. Geologists, evolutionary biologists, and 
astrophysicists tend to think of climate in the context of the 3.5 billion-year history 
of life and the 4.6 billion-year history of the Earth. 

The various camps have invented some names for each other and for themselves. 
Pretty much everyone involved thinks they are “climate scientists.” But people who 
are convinced we are the main cause of climate change have been dubbed “true 
believers” and “warmists,” highlighting what are seen to be religious and ideological 
orientations, respectively. People who are undecided, critical, or questioning are 
called “skeptics.” The skeptics are happy with this description as it indicates they 
have an open mind and as scientists they believe they have a duty to challenge un- 
proven hypotheses. The true believers use the word skeptic as a slur, as in 
“unbelievers,” as if it is unacceptable to question their beliefs. Then there are the 
“climate deniers,” or “denialists,” terms invented by the true believers, and 
characterized by skeptics as associating them with Holocaust deniers. Much of this 
is just name-calling, but it is useful in the sense that it defines the battleground. 

Over the years the media have largely ignored the scientists and organizations that 
remain skeptical of human-caused global warming and climate change. The public 
has been inundated with alarmist headlines about catastrophic climate change and 
many governments have bought into the belief there is a global emergency that must 
be addressed quickly and decisively. As with fear of chemicals, fear of climate 
change results in a convergence of interests among activists seeking funding, 
scientists applying for grants, the media selling advertising, businesses promoting 
themselves as green, and politicians looking for votes. It may not be a conspiracy, 
but it is a very powerful alignment that is mutually reinforcing. 

In 2007 the IPCC and one of its main champions, A1 Gore, were awarded the Nobel 
Peace Prize for alerting the world to the dire threat of human-caused climate change. 
One would imagine the public would strongly support this alarmist position, having 
been exposed to such one- sided media coverage and the news of prestigious awards. 
Amazingly this is not the case, even in countries such as the United States and 
England, where the official government positions are sharply accepting of catas- 
trophic human-caused warming. 

A Pew Foundation poll conducted in October 2009 found only 36 per- cent of the 
general public in the United States believes humans are the cause of global warming, 
whereas 33 percent does not believe the earth is warming and 16 percent believe the 
earth is warming but that it is due to natural causes. Public opinion was sharply 
divided along partisan lines: 50 percent of Democrats believe global warming is 
caused by humans, while 33 percent of independents, and only 18 percent of 
Republicans agree with this. The trend since 2007 is decidedly 
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downwards with about 10 percent fewer people believing in human-caused global 
warming in all categories. 

Another Pew Foundation poll taken in May 2010 asked Americans to rank priorities 
for Congress. It found only 32 percent think it is very important for Congress to 
address climate change in the coming months, including 47 percent of Democrats, 

29 percent of independents, and 17 percent of Republicans.^®^ 

The partisan spread mirrors the poll on belief in human-caused cli- mate change 
almost perfectly. This is a strong indication that the reason a majority is not 
concerned about climate change legislation is because it doesn’t believe in human- 
caused climate change in the first place. 

A poll taken by Ipsos Mori in June 2008 found 60 percent of Britons believed, 
“many scientific experts still question if humans are contributing to climate 
change.’’^®* Clearly a majority of the British public does not believe there is a 
scientific certainty on the subject. 

A more recent British poll in February 2010, again taken by Ipsos Mori, showed that 
only 17 percent of Britons put climate change in their top three most important 
issues facing them and their families.^®® 

In one of the most surprising surveys taken, 121 U.S. television weather presenters, 
all members of the American Meteorological Society, were asked their opinions on 
climate change in April 2010. Ninety-four percent of those surveyed were accredited 
meteorologists. When asked about the UN’s Intergovernmental Panel on Climate 
Change’s statement, “Most of the warming since 1950 is very likely human- 
induced,” a full 50 percent either disagreed or strongly disagreed. Twenty-five 
percent were neutral and only 24 percent said they agreed or strongly agreed.^®® 

In April 2013 a US Department of Agriculture-funded survey of US Midwest com 
farmer’s beliefs in climate change was published. 18,800 farmers with an income of 
US$100,000 or more were polled, of whom 26 percent responded (4,778). Only 8 
percent of these farmers, who spend their lives in the weather and the climate, 
agreed with the statement, “Climate change is occurring and it is caused mostly by 
human activities.” In other words, 92 percent of com farmers do not believe humans 
are the main cause of climate change. I say give them all honorary doctorates of 
science. 
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Why is there such a high degree of skepticism among professionals and the public 
when the mainstream media is so biased toward the IPCC view? It would appear 
they are reading about skeptical opinions on the Internet, blogs in particular, and 
talking to one another about the subject in an open-minded manner. Obviously most 
weather presenters are acutely interested in and aware of the fine points of the 
debate. The fact they disagree with the IPCC “consensus” by two-to-one speaks 
volumes about where these weather professionals find credibility on the subject of 
global warming. 

Climate science is a classic case of the necessity to distinguish between historical 
and present facts on the one hand, and predictions of the fiiture on the other. There 
are a number of things we can say with relative certainty: 

• During the past 500 million years, since modem life forms emerged, the earth’s 
climate has been warmer than it is today most of the time. During these 
“Greenhouse Ages” the earth’s temperature averaged around 22 to 25 degrees 
Celsius (72 to 77 Fahrenheit).^®' All the land was either tropical or subtropical and 
the world was generally wetter. The sea level was much higher than today and life 
flourished on land and in the oceans. These warm periods were punctuated by three 
Ice Ages during which large ice sheets formed at the poles and in mountainous 
areas, effectively eliminating most plants and animals in those regions. 

• The two Ice Ages that preceded the current one occurred between 460 and 430 
million years ago and between 360 and 260 million year ago. From 260 million 
years ago until quite recently, a Greenhouse Age existed for about 250 million years. 
Ice started to accumulate in Antarctica beginning 20 million years ago and 
eventually the cur- rent Ice Age, known as the Pleistocene, began in earnest about 
2.5 million years ago.^®^ The Pleistocene, which we are still in today and during 
which our species evolved to its current state, accounts for only 0.07 percent of the 
history of life on earth. 

• During the coldest periods of the Pleistocene Ice Age the average temperature of 
the earth was around 12 degrees Celsius (54 degrees Fahrenheit) and there were 
large ice sheets on both poles. Before the recent retreat of the glaciers, beginning 
18,000 years ago, the ice extended below the U.S./Canada border, over all of 
Scandinavia, much of northern Europe, and well into northern Russia. The sea was 
about 122 meters (400 feet) lower than it is today, having risen steadily since then 
and continuing to do so today.^®® In recent times the sea has risen about 20 
centimeters (8 inches) per century. The 
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cause of sea level rise is a combination of melting glaciers (ice on land) and rising 

ocean temperature, as water expands when it gets warmer. 

• The earth’s climate underwent a general warming trend beginning with the end of 

the last major glaciation, about 18,000 years ago. This has not been an even 
warming, as there have been many fluctuations along the way. For example, 
during the Holocene Thermal Maximum between 9000 and 4000 years ago it 
was warmer than it is today by as much as 3 degrees Celsius (5.4 degrees 
Fahrenheit).^®'' During this time the present-day Sahara Desert was covered 
with lakes and vegetation, clearly indicating there was much more rain- fall 
there than today We know for a fact this was not caused by humans. Many 
scientists believe it was caused by variations in the earth’s orbit around the 
sim. 

• This historical record highlights the importance of analyzing the starting point and 

end point of temperature measurements when explaining trends, both up and 
down. It is warmer today than it was 18,000 years ago. But it is cooler today 
than it was 5,000 years ago during the Holocene Thermal Optimum. So it 
could be said we have been in a cooling trend for the past 5000 years even 
though it is warmer now than it was when the glaciation ended. I will try not 
to “trick” the reader by cherry-picking timelines that support a particular bias. 

• Today the average temperature of the earth is about 14.5 degrees Celsius (58 

degrees Fahrenheit), decidedly closer to the Ice Age level than the 
Greenhouse Age level and only 2.5 degrees above the temperature at the 
height of the last major glaciation. The fact is we are still in the Pleistocene 
Ice Age and it is possible another major glaciation may occur sometime in the 
next 10,000 years, but that is a prediction, not a fact. 

• Carbon Dioxide (CO^) is a greenhouse gas in that it tends to heat the atmosphere 

and thus raise the temperature of the earth. But water vapor is by far the most 
important greenhouse gas, contributing at least two thirds of the “greenhouse 
effect.” COj and other minor gases, such as methane and nitrous oxide, make 
up the other third of the greenhouse effect.^®® It is not possible to prove the 
exact ratios among the various greenhouse gases as they interact in complex 
ways. □ 
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In particular, the balance between water vapor and clouds (made up of condensed 

water vapor) is impossible to predict accurately.^®’ 

• We know global levels of COj in the atmosphere have risen steadily from 3 1 5 

parts per million (ppm) to nearly 390 ppm since scientists began taking 
regular measurements at Mauna Loa on the big island of Hawaii in 1958.’®* 
This is a very short time compared to the 3.5 billion years of life on earth. 
Many scientists assume that human emissions of COj from burning fossil 
fuels are the main cause of this increase. Some scientists question this 
assumption. It is a fact that CO^ levels were much higher than they are today 
during previDous eras. This will be discussed in detail later. 

• The average temperature of the earth has fluctuated during the past □ 100 years, 

sometimes cooling, sometimes warming, and in balance has increased 
somewhat, especially during the periods from 1910 to 1940 and from 1980 to 
1998. Since 1998 there has been no further warming and apparently a slight 
cooling. There is a lot of controversy around the accuracy of these trends. In 
particular there is a concern that many of the weather stations used to 
determine the global aver- age were originally in the countryside but over the 
years have been swallowed up by expanding urban development. The “urban 
heat island effect” refers to the fact that concrete and heat from buildings 
results in an increase in temperature in urban areas compared to the 
surrounding countryside,’®* thus the possibility exists that the results have 
been skewed. Din November 2009 the release of thousands of emails, leaked 
or hacked, from the Climatic Research Unit of the University of East Anglia 
in the U.K. shocked the climate change community. It was quite clear from a 
number of email exchanges that the scientists with this most important source 
of information had been manipulating data, withholding data, and conspiring 
to discredit other scientists who did not share their certainty that humans were 
the main cause of climate change. These revelations were quickly dubbed 
“Climategate” and have since been hotly debated in climate change circles.”® 
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a balanced account of this scandal. Commentary is divided sharply, with believers 
claiming that while the scientists involved behaved badly, this does not change the 
fact that the science is clear that humans are causing warming, while skeptics claim 
the revelations demonstrate the books have been cooked, placing the entire 
hypothesis of global warming in doubt. 

In December 2009, after months of promotion and hype, the Copenhagen conference 
on climate change ended in disaster for the true believers. The delegates at the 
largest international meeting in history failed to reach a single binding decision to 
control COj emissions. There does not seem to be any conceivable strategy to 
achieve international agreement on this subject. The United States will not sign a 
deal that does not include China, India, Brazil, and the other developing countries. 
The developing countries will not agree to reduce or restrict their COj emissions so 
long as the U.S. and other industrialized countries have far higher emissions on a per 
capita basis. Whereas the U.S. emits nearly 20 tonnes (22 tons) of COj per person, 
China emits 4.6 tonnes (5.1 tons) and India emits 1.2 tonnes (1.3 tons). There is no 
possibility this impasse will be resolved in the near future. The U.S. will not agree to 
reduce its emissions to a lower level while the developing countries increase theirs. 
The developing countries will not agree to a system in which the U.S. and other 
industrialized countries are allowed even higher per capita emissions. Despite this 
obvious impasse, the delegates continue to meet regularly, thousands of people 
jetting to desirable locations like Bali, Montreal, and Rio de Janeiro at public 
expense, with no possibility of ever reaching agreement. 

We can be fairly certain of the facts listed above, with the qualifications given. 

While this is very interesting, it is not the known facts but rather the unanswered 
questions that are most intriguing. Climate change cannot be defined by a single 
question. It is much like peeling back the layers of an onion, beginning with the 
science, leading to possible environmental impacts, followed by potential economic 
and social impacts, and concluding with policy options. Among these questions are; 

• Is COj, the main cause of global warming, either natural or human-caused? 

• Are human-caused COj emissions the principal cause of recent global warming? 

• Is the recent warming trend fundamentally different Irom previous warming and 

cooling trends? 

• If warming continues at the rate experienced in the 20*'’ century into the 2P‘ 

century will this be positive or negative for human civilization and the 
environment? 

• Is the melting of glaciers and polar ice really a threat to the future of human 

civilization? 
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• Will increased COj result in “acidification” of the oceans and kill all the coral 

reefs and shellfish? 

• Is it possible for humans to halt global wanning and to control the earth’s climate? 

• Which would cost more to the economy, an 80 percent reduction in fossil fuel use 

or adaptation to a warmer world? 

• Could the United States and China ever agree to a common policy on reducing 

COj emissions? 

• Is the effort to conclude a binding agreement to control COj emissions among all 

nations futile? □ 

These are just some of the many questions we must answer if we are to make 
intelligent choices about the direction public policy should take on the subject of 
climate change. □ Before going into more detail I will clarify two key points. First, 
the fact that both CO^ and temperature are increasing at the same time does not 
prove one is causing the other. It may be that increased COj is causing some or most 
of the increased temperature. It may also be that increased temperature causes an 
increase in atmospheric COj. Or it may be they are both caused by some other 
common factor, or it may be just coincidental they are both rising together and they 
have nothing to do with one an- other. Correlation does not prove causation. In order 
to demonstrate one thing causes another, we need among other things, to be able to 
replicate the same cause-effect sequence over and over again. This is not possible 
with the earth’s climate as we are not in control of all (or any of) the factors that 
might influence climate. Now, if we had a record of CO^ and temperature going back 
many millions of years and it showed that increased temperature always followed 
increased CO^, we would be a long way toward proving the point. As we shall see 
later, the historical record is not so clear on the relationship between CO^ and 
temperature. □ Second, it is often assumed that the interests of humans and the 
interests of the environment are one and the same. This may be the case for some 
factors, such as rainfall, but for others it simply does not apply. Take sea level rise, 
for example. If the sea level rises relatively rapidly, it will damage a great deal of 
human infrastructure and a great deal of work and expense will be required either to 
protect or to replace farms, buildings, wharfs, roadways, etc. But fish and other 
marine creatures will be perfectly happy with the rising sea level and most land 
animals will not find it difficult to move a few feet higher. A 1.5 meter (5-foot rise) 
in sea level may inundate Bangladesh, turning much of it into a salt marsh and 
displacing millions of people. This would be devastating for humans, but from an 
environmental perspective there is nothing wrong with a salt marsh. From an 
ecological point of view, a natural salt marsh represents an improvement over 
intensive agriculture with monocultures of nonnative food crops. 
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Fortunately, no credible scientist believes the sea level will rise anywhere near 1.5 
meters in the next century. 

A Longer View 

Our lifetimes are so short compared to the billions of years of life’s history on earth 
that we tend to dwell on the very recent past when considering historical 
information. Nearly all the discussion of climate change is in the context of the past 
100 years, or occasionally the past 1000 years, even though the earth’s climate has 
changed constantly for billions of years. Let’s take a look at the history of climate 
change in this larger context, in particular the past 500 million years since modem 
life forms evolved. 

Temperature 

The earth’s average temperature has fluctuated widely over the past one bil- lion 
years (see Figure 1). It is interesting to note that during the Cambrian Period, when 
most of the modem life forms emerged, the climate was much warmer than it is 
today, averaging 25 degrees Celsius (77 degrees Fahrenheit). Only at three other 
times during the past billion years has the temperature been as cold as or colder than 
it is today. The age of the dinosaurs, the Jurassic and Cretaceous Periods, 
experienced a warm climate with a moderate cooling spell in the late Jurassic. 
Following the dinosaur extinction the climate remained warm for 10 million years, 
spiking to 27 degrees Celsius (80 degrees Fahrenheit), followed by a gradual decline 
that eventually led to the Pleistocene Ice Age. As the graph below indicates, it is 
colder today than it has been throughout most of the past billion years. 

Humans generally prefer warmer climates to colder ones. When I mention that the 
global climate was much warmer before this present Ice Age, people often say 
something like, “But humans were not even around five million years ago, certainly 
not 50 or 500 million years ago. We have not evolved in a warmer world and will 
not be able to cope with global warming.” The fact is we did evolve in a “warmer 
world.” The human species originated in the tropical regions of Africa, where it was 
warm even during past glaciations nearer the poles. Humans are a tropical species 
that has adapted to colder climates as a result of harnessing fire, making clothing, 
and building shelters. Before these advances occurred, humans could not live 
outside the tropics. It may come as a surprise to most that a naked human in the 
outdoors with no fire will die of hypothermia if the temperature goes below 21 
degrees Celsius (70 degrees Fahrenheit). Yet as long as we have food, water, and 
shade we can survive in the hottest climates on earth without fire, clothing, or 
shelter.^ The Australian Aborigines survived in 
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Figure 1 . Graph showing global average temperature during the past billion years.^** 

temperatures of over 45 degrees Celsius (113 degrees Fahrenheit) without air 
conditioning for 50,000 years. 

The fact that humans are essentially a tropical species explains why even today there 
are no permanent residents of Antarctica and only four million people living in the 
Arctic (0.06 percent of the global population). Most of the Arctic population is 
engaged in resource extraction and would not choose to live there otherwise. 
Historically, the very small populations of indigenous people in the Arctic managed 
to eke out a living by inhabiting ice-shelters, getting food from marine mammals and 
oil from marine mammals for heating and light. They used sled dogs for transport 
and protection from polar bears. There is a good reason why there are more than 1 8 
million people in Sao Paulo, Brazil, only 4,429 residents in Barrow, Alaska,^ and 
3,45 1 inhabitants of Inuvik, Northwest Territory 

Why are there 300 million people in the United States and only 30 million in 
Canada, which is larger geographically? One word answers this question: cold. 
About 80 percent of Canadians live within 100 miles of the U.S. border, as it is 
warmer there (although not by much in many regions) than it is in 90 percent of 
Canada, which is frozen solid for six or more months of the year. 

So clearly, on the basis of temperature alone, it would be fine for humans if the 
entire earth were tropical and subtropical as it was for millions of years teing the 
Greenhouse Ages. It would also be fine for the vast majority of species in the world 
today, most of which live in tropical and subtropical regions. But this would not be 
the case for some other species that have evolved specifically to be able to survive in 
cold climates. 

The polar bear did not exist until the Pleistocene Ice. Age froze the Arctic and 
created the conditions for adaptation to a world of ice. Polar bears are not really 
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a distinct species; they are a variety of the European brown bear, known as the 
grizzly bear in North America. They are so closely related genetically that brown 
bears and polar bears can mate success- fully and produce fertile offspring.3*’The 
white variety of the brown bear evolved as the ice advanced, the white color 
providing a good camouflage in the snow. Once bears could walk out to sea on the 
ice floes, it became feasible to hunt seals. It is possible that if the world warmed 
substantially over the next hundreds of years that the white variety of the brown bear 
would become reduced in numbers or even die out. This would simply be the 
reverse of what happened when the world became colder. Some varieties of life that 
exist today are only here because the world turned colder a few million years ago, 
following a warmer period that lasted for over 200 million years. If the climate were 
to return to a Greenhouse Age those varieties might not survive. Many more species 
would benefit from a warmer world, the human species among them. 

The polar bear did not evolve as a separate variety of brown bear until about 
150,000 years ago, during the glaciation previous to the most recent one.^'*^'*This is 
a very recent adaptation to an extreme climatic condition that caused much of the 
Arctic Ocean to freeze over for most of the past 2.5 million years. The polar bear did 
manage to survive through the inter- glacial period that preceded the one we are in 
now even though the earth’s average temperature was higher during that interglacial 
than it is today So as long as the temperature does not rise more than about 5 
degrees Celsius (9 degrees Fahrenheit) above the present level, polar bears will 
likely survive. But that is a prediction, not a fact. 

To listen to climate activists and the media, you would think the polar bear 
population is already in a steep decline. A little investigation reveals there are 
actually more polar bears today than there were just 30 years ago. Most 
subpopulations are either stable or growing. And the main cause of polar bear deaths 
today is legally sanctioned trophy hunting, not climate change. Of an estimated 
population of 20,000 to 25,000 bears, more than 700 are shot every year by trophy 
hunters and native Inuit. One hundred and nine are killed in the Baffin Bay region of 
Canada alone. And yet activist groups like the World Wildlife Fund use the polar 
bear as a poster child for global warming, incorrectly alleging that they are being 
wiped out by climate change. 

The population of polar bears was estimated at 6000 in 1960. In 1973 an 
International Agreement between Canada, the United States, Norway, 

3 1 7. Katherine Hamon, “Climate Change Likely Cmiscd Polar Bear to Evolve Quickly," Scientific American, March 1,2010, 
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Russia, and Greenland ended unrestricted hunting and introduced quotas. Since then 
only native people have been allowed to hunt polar bears, although in Canada the 
native Inuit often act as guides for non- native hunters. As a result of this restriction 
on hunting, the population has rebounded to its present level of 20,000 to 25,000. 
The International Union for the Conservation of Natural Resources Polar Bear 
Specialist Group reports that of 18 subpopulations of bears, two are increasing, five 
are stable, five are declining, while for six subpopulations, mainly those in Russia, 
there is insufficient data.^^' There is no reliable evidence that any bear populations 
are declining due to climate change and all such claims rely on speculation; they are 
predictions based on conjecture rather than actual scientific studies. 

At the other end of the world in Antarctica, numerous species of pen- guins have 
evolved over the past 20 million years so that they can live in ice-bound 
environments. There are also many species of penguins that live in places where 
there is no ice, such as in Australia, South Africa, Tierra del Fuego, and the 
Galapagos Islands. It took 20 million years for the Antarctic ice sheet to grow to the 
extent it has been for the past 2.5 million years, during the Pleistocene Age. 
Antarctica differs significantly fi-om the Arctic in that most of the ice is on land and 
at higher elevation. It is very unlikely Antarctica will become ice-free in the near 
future. It took millions of years for the present ice sheet to develop. In all likelihood 
the penguins will be able to breathe easily for thousands, possibly millions of years. 

Coming closer to the present day, there is good historical evidence that it was 
warmer than it is today during the days of the Roman Empire 2000 years ago and 
during the Medieval Warming Period 1,000 years ago.^^^^^^ We know that during the 
Medieval Warming Period, the Norse (Vikings) colonized Iceland, Greenland, and 
Newfoundland. The settlements in Newfoundland and Greenland were then 
abandoned during the Little Ice Age that lasted from about 1500 to the early 
ISOOs.^^"* The Thames River in England froze over regularly during the cold winters 
of the Little Ice Age. The Thames last froze over in 1 8 14.^^* Since then the climate 
has been in a gradual warming trend. Given that there were very low levels of CO^ 
emissions from human activity in those times, it is not possible that humans caused 
the Medieval Warming Period or the Little Ice Age. Natural factors had to be 
instrumental in those changes in climate. 
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Speaking of natural factors, it is clear the climate changes over the past billions of 
years were not caused by our activities. So how credible is it to claim we have just 
recently become the main cause of climate change? It’s not as if the natural factors 
that have been causing the climate to change over the millennia have suddenly 
disappeared and now we are the only significant agent of change. Clearly the natural 
factors are still at work, even if our population explosion and increasing CO^ 
emissions now play a role in climate change. So the real question is, are human 
impacts over- whelming the natural factors or are they only a minor player in the big 
picture? We do not know the definitive answer to that question. 

Let’s go back to the IPCC’s Fourth Assessment Report in 2007, which stated: “Most 
of the observed increase in global average temperatures since the mid-20th century 
is very likely due to the observed increase in anthropogenic (human-caused) 
greenhouse gas concentrations”[my emphasis]. The first word, most, in common 
usage means more than 50 percent and less than 100 percent, i.e., more than half but 
not all. That’s a pretty big spread, so clearly IPCC members don’t have a very 
precise estimate of how much of the warming they think we are causing. If they are 
that uncertain, how do they know it’s not 25 percent, or 5 percent? They restrict the 
hu- man influence to “since the mid-20th century,” implying humans were not 
responsible for climate change until about 60 years ago. So the logical question is, 
What was responsible for the significant climate changes be- fore 60 years ago, the 
warming between 1910 and 1940, for example? The most problematic term in their 
statement is “very likely,” which certainly provides no indication of scientific proof. 
The IPCC claims that “very likely” means “greater than 90 percent probability.”^^ 
But the figure 90 is not the result of any calculation or statistical analysis. The 
footnote entry for the term “very likely” explains, “in this Summary for 
Policymakers, the following terms have been used to Indicate the assessed 
likelihood, using expert judgement, [my emphasis] of an outcome or a result: 
Virtually certain > 99% probability of occurrence. Extremely likely > 95%, Very 
likely > 90%, Likely > 66%, More likely than not > 50%, Unlikely < 33%, Very 
unlikely < 10%, Extremely unlikely < 5%.”^^’ One expects “judgments” fi'om judges 
and opinionated journalists. Scientists are expected to provide calculations and 
observable evidence. I’m not convinced by this loose use of words and numbers. 

According to the official records of surface temperatures, 1998 was the warmest 
year in the past 150 years. Since then the average global temperature remained 
relatively flat down, completely contrary to the predictions of the IPCC, 

326. “Summary for Policymakers,” Intergovernmental Panel on Climate Change, 2(K)7, p, 3 http://www.ipcc.ch/pdf/assessment- 
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and in spite of steadily growing COj emissions from countries around the world. 

This drop in temperature is now attributed to natural factors, something that was 
downplayed in previous predictions. Mojib Latif, a prominent German meteorologist 
and oceanographer, explains it this way, “So I really believe in Global Warming. 
Okay. However, you know, we have to accept that there are these natural fluctua- 
tions, and therefore, the temperature may not show additional warming 
temporarily.”^^* The question is. How long is temporarily? At this writing the global 
temperature has not increased during the past 16 years. The assertion that it will 
resume warming at some time in the future is a prediction, not a fact. And even if 
warming does resume, it is possible that this may be due to natural factors. It is not 
logical to believe that natural factors are only responsible for cooling and not for 
warming. 

The situation is complicated further by the revelations of “Climategate” in 
November 2009, which clearly showed that many of the most influential climate 
scientists associated with the IPCC have been manipulating data, withholding data, 
and conspiring to discredit other scientists who do not share their certainty that we 
are the main cause of global warming.*^® It has also been well documented that the 
NASA Goddard Institute for Space Science, which is responsible for one of the 
primary temperature records, has dropped a large number of weather stations, 
mainly in colder regions, thus likely making it seem warming is occurring even 
though this may not be the case.**® The situation is in such a state of flux that it may 
be several years before an objective process is in place to sort out what is believable 
and what is not. 

Leading up to the 15th Conference of the Parties in the Framework Convention on 
Climate Change in Copenhagen in December 2009, the IPCC, the European Union, 
and many other participants warned we must keep global temperatures from rising 
more than 2 degrees Celsius (3.6 degrees Fahrenheit) or we will face climate 
catastrophe.**' Yet the global temperature has been 6 to 8 degrees Celsius (1 1 to 14 
degrees Fahrenheit) warmer than it is today through most of the past 500 million 
years. It seems clear that the real “climate catastrophes” are the major glaciations 
that occurred during the Ice Ages, not the warm Greenhouse Ages when life 
flourished from pole to pole. 
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Figure 2. Global temperature trends 1860-2008 according to Phil Jones of the Climatic Rese^ch Unit in the U.K. 

The graph on this page, Figure 2, is a record of global temperatures from 1850 to 

2008, as prepared by the Climatic Research Unit at the University of East Anglia in 
the U.K.^^^It was authored by Phil Jones, who was at the centre of the “Climategate” 
scandal. As previously mentioned, the emails he and his colleagues exchanged 
indicated they withheld data, manipulated data, and attempted to discredit other 
scientists who held contrary views. Jones was suspended from his post in November 

2009, pending an inquiry into the scandal. Therefore the data this graph is based on 
are not necessarily credible; they need to be rigorously re-examined.^^^But the graph 
does provide a useful tool for examining a couple of points about recent temperature 
trends. 

The graph indicates global temperature has risen by about 0.8 degrees Celsius (1.4 
degrees Fahrenheit) over the past 1 50 years. But about half of this warming occurred 
from 1910 to 1940, before the huge increase in COj emissions from fossil fuel that 
began after the Second World War. What caused this increase? We simply don’t 
know. Then there W 2 is a period of cooling from 1940 to 1980, just as COj emissions 
started to increase dramatically. In the mid-1970s, mainstream magazines and 
newspapers, including Time, Newsweek, and the New York Times, published articles 
on the possibility of a coming cold period, perhaps another Ice Age.^^'*^^* These 
articles were based on interviews with scientists at the National Academy of 
Sciences and NASA, among others. Prominent supporters of the global cooling 
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theory included present-day global wanning supporters such as John Holdren, the 
Obama administration’s science czar^^^and the late Stephen Schneider, a former 
leading member of the IPCC.^^® 

In 1980, global temperatures began a 20-year rise, according to the now 
questionable records used by the IPCC for its predictions of climate disaster. This is 
the only period in the 3.5 billion years of life on earth in which the IPCC attributes 
climate change to human activity. Since 1998 there has been no further increase in 
global temperature, even according to the IPCC sources. How does one 20-year 
period of rising temperatures out of the past 150 years prove we are the main cause 
of global warming? 

The alarmists declare that the present warming trend is “unprecedented” because it 
is happening on a scale of centuries whereas past warming trends have been much 
slower, giving species time to adapt. This is shown to be false even during the past 
century. The IPCC does not contend that humans caused the warming from 1910 to 
1940; therefore it must have been a natural warming trend. But the warming from 
1910 to 1940 was just as large (0.4 degrees Celsius or 0.7 degrees Fahrenheit) and 
just as rapid over time as the supposed human-caused warming from 1975 to 2000. 
How can scientists who claim to be on the cutting edge of human knowledge miss 
this point? 

It is a testament to the fickleness of trends in science, public policy, and media 
communications that such certainty about human-caused climate change came 
about. That era finally seems to have ended now that more attention is being paid to 
the proposition that we really don’t have all the answers. One hopes this will usher 
in a more sensible conversation about climate change and a more balanced approach 
to climate change policy. 
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Figure 3. The HadCRUT 3 record of global temperature since 1980. There is no statistically significant increase in 
temperature since 1997.”* 
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In early 2013 there were three independent announcements by leading believers in 
human-caused catastrophic climate change that confirmed the standstill in global 
temperature. James Hansen, Director of the NASA Goddard Institute for Space 
Studies and senior science advisor to AI Gore, stated “The 5-year running mean of 
global temperature has been flat for the past decade.” In January 2013 The UK Met 
Office and the Climatic Research Unit of the University of East Anglia released the 
data for December in their Hadcrut3 and Hadcrut4 global temperature datasets. The 
data clearly shows that there has been no increase in global temperature for 16 years, 
since 1997. In an interview with The Australian in February 2013, Rajenda 
Pachauri, the chair of the Intergovernmental Panel on Climate Change, 
acknowledged the reality of the post- 1997 standstill in global average temperatures. 

Carbon Dioxide 

The trains carrying coal to power plants are death trains. OCoal-fired power plants 
are factories of death. □ — James Hansen, director, NASA Goddard Institute for 
Space Studies, science advisor to former vice president Al Gore 

The entire global warming hypothesis rests on one belief — ^human emissions of COj 
are causing rapid global warming that will result in a “catastrophe” if we don’t cut 
emissions drastically, begiiming now. Let’s look at the history, chemistry, and 
biology of this much-maligned molecule. 

Carbon dioxide (COj) and carbon are probably the most talked about substances in 
the world today. We hear the term “carbon footprint” every day and fossil fuels are 
now routinely described as “carbon-based energy.” True believers speak of COj as if 
it is the greatest threat we have ever faced. Perhaps our CO^ emissions will have 
some negative effects. But in my view COj is one of the most positive chemicals in 
our world. How can I justify this statement given that the US Environmental 
Protection Agency has declared CO^and other greenhouse gases are “pollutants” 
that are dangerous to human health and the environment?^’® 

What about the undisputed fact that COj is the most important food for all life on 
earth? Every green plant needs COj in order to produce sugars that are the primary 
energy source for every plant and animal. To be fair, water is also essential to living 
things, as are nitrogen, potassium, phosphorus, and many other minor elements. But 
COj is the most important food, as all life on earth is carbon-based, and the carbon 
comes from COj in the atmosphere. Without CO^ life on this planet would not exist. 
How important is that? 
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Figure 4. This graph shows global levels of C02 and the global temperature for the past 600 million years. The correlation 
between the two parameters is mixed at best, with an Ice Age during a period of high C02 levels and Greenhouse Ages 
during a period of relatively low C02 levels.340 


When President Obama appointed Lisa Jackson as head of the EPA, she promised to 
“ensure EPA’s efforts to address the environmental crises of today are rooted in 
three fundamental values; science-based policies and programs, adherence to the 
rule of law, and overwhelming transparency.” During the EPA’s deliberations on the 
“endangerment” ruling for COj, one of its top economic policy experts, Alan Carlin, 
a 35-year veteran of the agency, presented a 98-page analysis concluding that the 
science behind man-made global warming is inconclusive at best and that the agency 
should re-examine its findings. His analysis noted that global temperatures were on 
a downward trend. It pointed out problems with climate models. It highlighted new 
research about climate change that contradicts apocalyptic scenarios. “We believe 
our concerns and reservations are sufficiently important to warrant a serious review 
of the science by EPA,” the report read. 

In response to the report Carlin’s boss, A1 McGartland, emailed him, forbidding him 
from engaging in “any direct communication” with any- one outside his office about 
his analysis. In a follow-up email, McGartland wrote, “With the endangerment 
finding nearly final, you need to move on to other issues and subjects. I don’t want 
you to spend any additional EPA time on climate change. 
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No papers, no research, etc., at least until we see what EPA is going to do with Climate.”^''* 
These emails were leaked. So much for transparency, and so much for science. 

There is an interesting parallel here with the issue of chlorine, a chemical described by 
Greenpeace as the “devil’s element.” There are some chlorine-based chemicals that are very 
toxic and should be tightly con- trolled and even banned in certain contexts. But as discussed 
earlier, chlorine is the most important element for public health and medicine, just as carbon 
is the most important element for life. And yet Greenpeace and its allies give the impression 
these two building blocks of nature are essentially evil. It is time to bring some balance into 
this discussion. 

A1 Gore is fond of reminding us that there is more COj in the atmosphere today than there has 
been for the past 400,000 years.^‘'^He may be correct, although some scientists dispute this.^'*^ 
But 400,000 years is a blink of an eye in geological history. It is also true to state that COj 
levels in the atmosphere have rarely been as low as they are today over the entire 3.5 billion 
years of life on earth, and particularly during the past 500 million years since modem life 
forms evolved. Figure 4 (previous page) shows the historic levels of COj as well as the global 
temperature, going back 600 million years 

Note the graph shows COj was at least 3000 ppm, and likely around 7000 ppm, at the time of 
the Cambrian Period, a Greenhouse Age when modem life forms first evolved. This is nearly 
20 times the COj concentration today. The Ice Age that peaked 450 million years ago 
occurred when COj was about 4000 ppm, more than 10 times its present level. If both warm 
and cold climates can develop when there is far more CO^ in the atmosphere than today, how 
can we be certain that COj is determining the climate now? 

The graph does show a limited correlation between temperature and COj during the late 
Carboniferous, and a very weak correlation from then until today. It is tme that the most 
recent Ice Age corresponds with a relatively low COj level in the atmosphere. None of this is 
intended to make the argument that COj does not influence climate. I am no denier. We know 
that COj is a greenhouse gas and that it plays a role in warming the earth. The real questions 
are; How much of a role? and If wanning is caused by our COj emissions, does this really 
harm people and the planet? 

Coming closer to the present, one of the best sets of data comes from ice cores at the Russian 
Vostok station in Antarctica. These cores give 
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Vostok Ice Cores 150,00 - 100,000 years ago 



Figure 5. Graph showing temperature and CO, levels from 150,000 to 100,000 years ago. Note that temperature rises 
ahead of a rise in CO,, 

US a picture of both temperature and atmospheric COj levels going back 420,000 
years. A1 Gore uses this information in his film An Inconvenient Truth to assert that 
it provides evidence that increased CO^ causes an in- crease in temperature. Closer 
examination of the data shows that it is the other way around.^'*'* Through most of 
this period it is temperature that leads COj as shown for the period 1 50,000 to 
100,000 years ago in Figure 5. When temperature goes up, CO^ follows and when 
temperature goes down, COj follows it down. 

This does not prove that increases in temperature cause increases in COj, it may be 
that some other common factor is behind both trends. But it most certainly does not 
indicate rising COj levels cause increases in temperature. It may be that CO^ causes 
a tendency for higher temperatures but that this is masked by other, more influential 
factors such as water vapor, the earth’s orbit and wobbles, etc. 

The April 2008 edition of Discover magazine contains a full-page article about 
plants, written by Jocelyn Rice, titled, “Leaves at Work.” The article begins with 
this passage, “In the era of global warming, leaves may display an unexpected dark 
side. As COj concentrations rise, plants can become full. As a result, their stomata — 
the tiny holes that collect the COj...will squeeze shut. When the stomata close, 
plants not only take less CO^ from the air but also draw less water from the ground, 
resulting in a run of water into rivers. The stomata effect [my emphasis] has been 
responsible for the 3 percent increase in river runoff seen over the past century.”^'*’ 
At this point my BS meter came on. There is no possibility anyone has a data set 
that could determine a 3 percent increase in global 
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river runoff in the past 100 years. The U.K.’s Hadley Centre for Climate Prediction 
and Research was given as the source of this information. A thorough review of the 
Hadley Centre website turned up nothing on the subject.^'*^ 

The story goes on to predict that, given present trends in COj emissions, “runoff 
within the next 100 years could increase by as much as 24 percent above pre- 
industrial levels... in regions already hit hard by flooding, the stomata effect could 
make matters much worse.” The Great Flood will return and inundate the earth due 
to trillions of tiny stomata shutting their doors in the face of too much CO^l 
I also knew immediately that the entire article was bogus because I am familiar with 
the fact that greenhouse growers purposely divert the CO^ -rich exhaust gases from 
their wood or gas heaters into their greenhouses in order to greatly increase the CO^ 
level for the plants they are growing. I searched the Internet using the phrase 
“optimum COj level for plant growth.” All I needed were the first few results to see 
plants grow best at a COj concentration of around 1 500 ppm, which boosts plant 
yield by 25 to 65 percent.^‘'’The present CO level in the global atmosphere is about 
390 ppm. In other words, the trees and other plants that grow around the 
world would benefit from a level of CO^ about four times higher than it is today. 
There is solid evidence that trees are already showing increased growth rates due to 
rising CO levels.^"* 

Greenhouse growers are able to obtain growth rates that are 40 to 50 
percent higher than the rates plants grow under in today’s atmospheric conditions. 
This makes sense when you consider that COj levels were generally much higher 
during the time when plant life was evolving than they are today. The fact is, at 
today’s historically low CO^ concentrations, all the plants on earth are COj-deprived. 
Those plants are starving out there! 

Yet believers in catastrophic climate change will not abide by this clear evidence. In 
May 2010 Science magazine published an article titled, “Carbon Dioxide 
Enrichment Inhibits Nitrate Assimilation in Wheat and Arabidopsis.”^‘*’The article 
implied that increased CO levels in the atmosaphere might inhibit the uptake of 
nitrogen. The popular press interpreted 

this as evidence that increased CO^ might not result in increased growth rates, as has 
been conclusively demonstrated in hundreds of tab and field experiments.^*“This is 
why greenhouse growers purposely inject CO into 
their greenhouses. Typically, the Vancouver Sun ran with the headline, 
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“Rising Carbon Dioxide Levels May Hinder Crop Growth: Greenhouse Gas Is Not 
Beneficial to Plants, As Once Thought.”^^' The Science article was clever enough 
not to suggest that CO^ would “hinder” plant growth, or even to question the proven 
fact that COj increases plant growth. But by raising a side issue of nitrogen uptake it 
encouraged the media to make sensationalist claims, apparently debunking the fact 
that doubling, tripling, or even quadrupling COj results in increased growth, 
regardless of some point about nitrogen. 

It may turn out to be a very good thing that humans discovered fossil fuels and 
started burning them for energy. By the beginning of the Industrial Revolution CO 2 
levels had gradually diminished to about 280 ppm. If this trend, which had been in 
effect for many millions of years, had continued at the same rate it would have 
eventually threatened plant life at a global level. At a level of 150 ppm, plants stop 
growing altogether. If humans had not appeared on the scene, it is possible that the 
declining trend in COj levels that began 150 million years ago would have 
continued. If it had continued at the same rate, about 1 1 5 ppm per million years, it 
would have been a little over one million years until plants stopped growing and 
died. And that would be the end of that! 

This is perhaps my most heretical thought: that our CO^ emissions may be largely 
beneficial, possibly making the coldest places on earth more habitable and definitely 
increasing yields of food crops, energy crops, and forests around the entire world. 
Earlier I referred to my meeting with James Lovelock, the father of the Gaia 
Hypothesis and one of the world’s leading atmospheric scientists. I found it strange 
he was so pessimistic about the future, and cast our species as a kind of rogue ele- 
ment in the scheme of life. 

Whereas the Gaia Hypothesis proposes that all life on earth acts in concert to control 
the chemistry of the atmosphere in order to make it more suitable for life, Lovelock 
believes human-caused CO^ emissions are the enemy of Gaia. But surely humans are 
as much a part of Gaia as any other species, past or present? How could we know we 
are the enemy of Gaia rather than an agent of Gaia, as one would expect if “all life is 
acting in concert”? In other words, is it not plausible that Gaia is using us to pump 
some of the trillions of tons of carbon, which have been locked in the earth’s crust 
over the past billions of years, back into the atmosphere? Perhaps Gaia would like to 
avoid another major glaciation, and more importantly avoid the end of nearly all life 
on earth due to a lack of COj. One thing I know for sure is we should be a lot more 
worried the climate will cool by 2 or 3 degrees Celsius than we should be about it 
warming by 2 
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or 3 degrees Celsius. Cooling would definitely threaten our food supply; warming 
would almost certainly enhance it. 

I’m not saying I buy into the entire Gaia Hypothesis hook, line, and sinker. I find 
some aspects of it very compelling, but it might be a bit of a stretch to believe all life 
is acting in harmony, like on the planet Pandora in the movie Avatar. But that’s not 
my point. What bothers me is the tendency to see all human behavior as negative. 
Lovelock and his followers seem to need a narrative that supports the idea of 
original sin, that we have been thrown out of the Garden of Eden, or is it the Garden 
of Gaia? 

The Hockey Stick 

No discussion of climate change would be complete without mention of the 
infamous hockey stick graph of global temperature. The graph, said to depict 
Northern Hemisphere temperatures over the past 1,000 years, was created by 
Michael Mann of Pennsylvania State University and his colleagues. It shows a very 
even temperature until the modem age when there is a steep rise.^^The surprise for 
many scientists was that the graph implied the Medieval Warm Period and the Little 
Ice Age did not exist and that the only significant change in temperature during the 
past 1000 years was a precipitous rise during the past century. The graph was very 
controversial in climate science circles. Despite the sharp debate, it was showcased 
in the 2001 and 2004 reports of the IPCC. ”3 

Two Canadians, Steve McIntyre, a retired mining engineer, and Ross McKitrick, an 
economist, became concerned that the data used to create the hockey stick graph 
were not objective and the statistical analysis used was not legitimate. They asked 
Mann and others to provide them with the original data and the statistical methods 
used to arrive at the hockey stick graph. Mann and his colleagues at the Climatic 
Research Unit (CRU) at the University of East Anglia refused repeated requests to 
supply the data. The effort to obtain the data went on for 10 years as the researchers 
even refused requests under Freedom of Information Act rules. It was not until the 
release of thousands of emails from the CRU that it became clear information was 
being withheld illegally and there was a conspiracy of sorts to manipulate the data 
and discredit opposing opinions. 

In 2003 McIntyre and McKitrick published a critique of the hockey stick graph in 
Energy & Environment in which they contended that Mann’s paper contained, 
“collation errors, unjustifiable tmncation or 
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extrapolation of source data, obsolete data, geographical location errors, incorrect 
calculation of principal components and other quality control defects.”^’'* As a result 
of this and other critiques the IPCC did not use the hockey stick graph again in its 
2007 report. The continuing debate over this graph highlights the absence of a 
consensus on the temperature record, never mind whether or not humans are 
responsible for climate change. 

What’s So Good About Glaciers, Anyway? 

Much has been made of the fact that many glaciers around the world have been 
retreating in recent years. By many accounts we should be viewing this with alarm. 
The potential loss of glaciers is portrayed as an ecological catastrophe, as if it were 
equivalent to a species becoming extinct. In its June 2007 issue the National 
Geographic magazine reported that a certain Peruvian glacier was in a “death 
spiral,” as if it were a living thing.^*^ What should we make of this hysterical 
reaction to melting ice? 

It is important to recognize that glaciers have been retreating for about 1 8,000 years, 
since the height of the last glaciation. It has not been a steady retreat as there have 
been times, such as during the Little Ice Age, when the glaciers advanced. But there 
is no doubt that in balance there has been a major retreat and it appears to be 
continuing today. 

The retreat of the glaciers is largely a result of the climate becoming warmer. It 
brings us back to the question of whether humans are responsible for the warming or 
if it is just a continuation of the trend that began 1 8,000 years ago. Either way, we 
then must ask whether, in balance, this is a good thing or a bad thing. We know the 
climate was warmer than it is today during most of the past 500 million years, and 
that life flourished during these times. We also know there is very little life on, in, or 
under a glacier. Glaciers are essentially dead zones, proof that ice is the enemy of 
life. 

When a glacier retreats up the valley it carved, the bedrock and gravels are exposed 
to light and air. Seeds find their way there, on the wind and in bird droppings, and 
can germinate and grow. Before long the lifeless barrens become a newly 
developing ecosystem full of lichens, mosses, ferns, flowering plants, and 
eventually, trees. Isn’t it fairly obvious that this is a better environmental condition 
than a huge blob of frozen water that kills everything beneath it? Glaciers certainly 
are photogenic, but as we dis- 
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cussed in the chapter on forests, you can’t judge the health of an ecosystem by the 
fact that it looks pretty. Sand dunes make for nice scenery too, but they aren’t very 
welcome when they bury a town and kill all the crops. 

Much attention has been focused on the Greenland ice cap, virtually one big glacier 
with many arms to the sea. During the warming that occurred in the 1980s and 
1990s it was reported that the Greenland ice cap was melting rapidly. A1 Gore 
predicted the sea might rise by 20 feet in the next century, apparently assuming the 
entire ice cap might melt in 100 years.^^^This is a physical impossibility. The high 
elevation and extreme low temperatures dictate that it would take at least thousands 
of years for the glaciers of Greenland to disappear. 

More recently the focus has been on the Himalayan glaciers, the largest ice cap 
outside the Polar Regions. The story of what has beeome “Glaciergate” helps to 
illustrate the present very confused state of climate science and of how important 
glaciers are, or are not. The 2007 report of the IPCC, its fourth report, stated 
Himalayan glaciers may be completely gone by 20T5, less than 25 years from 
now.^*’ The report warned, “if the present rate continues, the likelihood of them 
disappearing by the year 2035 and perhaps sooner is very high if the Earth keeps 
warming at the current rate.” It was not until the lead-up to the 2009 Kyoto Protocol 
meeting in Copenhagen that scientists began to question this assertion. The Ministry 
of the Environment in India published a paper rejecting the 2035 prediction, stating 
that it would be hundreds of years before the glaciers melted, even if the present 
warming trend continued.^^^ This caused the chairman of the IPCC, Dr. Rajendra 
Pachauri, who happens to be Indian, to denounce the Environment Ministry’s report 
as “voodoo science.”^^® 

It was not until after the Copenhagen conference that the IPCC published an 
admission of error. They stated, “In drafting the paragraph in question, the clear and 
well-established standards of evidence, required by the IPCC procedures, were not 
applied properly.”^** Yet Dr. Pachauri refused to apologize for calling the 
Environment Ministry’s report “voodoo science.”^“It was revealed that the 2035 
date was based 
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on an interview by New Scientist magazine of a single Indian scientist, who 
subsequently admitted his statement was “speculative.”^^ The New Scientist article 
was then referred to in a 2005 WWF report on glaciers, which was cited as the only 
reference in support of the 2035 date.^®^ 

This has caused something of a crisis of credibility for the IPCC, which had insisted 
all its predictions were based on peer-reviewed science. As it turns out, the most 
credible scientists who specialize in the subject of Himalayan glaciers believe it 
would take at least 300 years for them to melt completely, even if it continues to get 
warmer. Other indefensible statements in the IPCC report then emerged regarding 
the disappearance of the Amazon rain forest^** and the collapse of agricultural 
production in Africa.^*^ 
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Perhaps the most bizarre case of logical disconnect in the climate change hysteria 
involves the predictions of disaster if the Himalayan glaciers continue to melt. 

Lester Brown, president of the Earth Policy Institute, predicts that if this happens 
there will be mass starvation in Asia.^**The theory goes like this: the meltwater from 
the glaciers is essential for irrigation of food crops throughout much of Asia. The 
Ganges, Indus, Mekong, Yellow, Yangtze, and many other rivers flow from the 
Himalayas, providing water for Over one-third of the human population. If these 
glaciers were to melt completely, there would be no more meltwater for irrigation, 
and so food production would plummet, resulting in mass starvation. This seems 
plausible to many people and has been repeated countless times in the media as 
another “catastrophic” aspect of climate change. 

After hearing Lester Brown speak at length about this doomsday scenario, it dawned 
on me that his thesis was illogical. On the one hand he is saying the meltwater (from 
the melting glaciers) is essential for food production, and on the other hand he 
insists that we must try to stop the glaciers from melting so they will not disappear. 
Obviously if the glaciers stop melting, there will be no more meltwater from them. 
So my questions for Lester Brown, and the IPCC, are. Are you saying you want the 
glaciers to stop melting? Then where would the irrigation water come from? I might 
add. How about if the glaciers started growing again, reducing water flows even 
further, perhaps advancing on the towns where the food is grown? 

It has since been revealed that only 3 to 4 percent of the water flowing into the 
Ganges River is glacial meltwater. Ninety-six percent of the river flow is from snow 
that fell in the previous winter and melted in the summer, and from rainfall during 
monsoons.^*® Therefore the people will not likely starve if the glaciers melt 
completely. A warmer world with higher COjConcentrations, and likely more 
precipitation, will allow expansion of agricultural land and will result in faster- 
growing, more productive crops. Forests and crops will grow where now there is 
only a sheet of ice. I say let the glaciers melt. 

Arctic and Antarctic Sea Ice 

The Arctic and Antarctic regions are polar opposites in more ways than one. 

Whereas the Arctic is mainly an ocean surrounded by continents, the Antarctic is a 
large continent, almost centered on the South Pole, surrounded by seas. The 
Antarctic is colder than the Arctic largely due 
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to its high elevation.^’® The Antarctic ice sheet began to form 20 million years ago 
and has been a permanent fixture since then, advancing and retreating with the 
pulses of glaciation over the past 2.5 million years during the Pleistocene Ice Age. 
The Arctic was largely ice-free until the onset of the Pleistocene and since then has 
had varying degrees of ice cover as glacial periods have waxed and waned. 

Much has been made recently of the fact that the extent of summer sea ice in the 
Arctic has shrunk substantially. In September of 2007, typically the low month after 
summer melting, there was about three million square kilometers of ice cover, about 
two million less than the average since records were first made. Many pundits 
immediately predicted that the Arctic would be ice-free in the summer within 20 to 
30 years, and that this would be our fault entirely. The fact that the area of ice 
recovered by about one million square kilometers in 2008 and again in 2009 didn’t 
dampen the shrillness of their predictions. In September of 20 1 2 the extent if ice 
cover again reached a record low, but winter ice cover continued to remain rela- 
tively steady, close to the average since measurements began. 

Our knowledge of the extent of sea ice in the Arctic and Antarctic began in 1979, 
the first year satellites were used to photograph the Polar Regions on a continual 
basis. Before 1979 it is not possible to reconstruct the comings and goings of sea ice, 
as unlike glaciers, sea ice leaves no trace when it melts. There is an implicit 
assumption among the true believers that the reduction in sea ice observed in 2007 
and 2012 is unique in the historical record and that we are now on a one-way trip to 
an ice-free Arctic Sea (see Figure 7 on next page). Putting aside the fact that 
mariners consider an ice-free sea a good thing, it is not possible to conclude a long- 
term trend in the extent of Arctic sea ice from 30 years of satellite observation. 

Between 1903 and 1905 the Norwegian Raold Amundsen became the first person to 
navigate the Northwest Passage in a 47-ton sailing ship equipped with a small 
gasoline motor.^’* We do not know the extent of ice over the entire Arctic at that 
time but the fact that a small boat could sail through the passage indicates the 
present era was not the only time the area of ice was reduced. 

Between 1940 and 1944, years before we had any idea of the extent of sea ice during 
the summers and winters, a small Canadian trawler name the St. Roch navigated the 
Northwest Passage twice, from west to east and from east to west.^'^^ It was not an 
Icebreaker and it had only a 150-horsepower diesel engine and sails. From 1910 to 
1940 there was a well-documented rise in the average global temperature of nearly 
half 


370. “Antarctic Ciimate,” Wikipedia, http;//cni.wikipcdia.org/wiki/Antarctica#CliiTmteQ 

0372. Noel Sheppard, “Reports of Record i^ctic Ice Melt Disgr^fully Ignore History,” NewsBusters, September 9, 2007, 

http://newsbusters.org/blogs/noel-sheppard/2007/(^/09/reporte-iecord-arctiC'ice-melt-disgracefiil!y-fgnorc-history 
371 “Second Throu^ the Passage, First West to East,” Athropolis, httpV/www.athropolis.com/arctic-facts/fact-st-roch.htm 


climate of fear 


371 



109 



YEAR 

Figure 7. Northern Hemisphere Sea Ice Anomaly (1979-2008 meanJ.The extent of sea ice in the Arctic showed a clear 
downward U-end from 1995 to 2007. Since 2007 it has recovered by about one-Uiird over the lowest area Only time will 
tell what the trend will be in the coming decades. 

Figure 8. Southern Hemisphere Sea Ice Anomaly (1979-2008 mean). Graph showing the deviance from the 1979 to 2008 
average extent of sea ice in the Antarctic. The winter of 2007 saw the greatest extent of Antarctic sea ice since 
measurements were firet taken, coincident with the least extent in the Arctic. Whereas the extent of Arctic sea ice has 
shown a recent downward trend, the extent of Antarctic sea ice has shown an upward trend. 
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Figure 9. Global sea ice area, 1 979 to present. The top line ^ows the total sea ice cover for the Arctic and the Antarctic. 
The bottom line shows the divergence from the mean of Arctic and Antarctic sea ice cover. As you can see, there is no 
signific^t trend when Arctic and Antarctic sea ice areas are added together. 

a degree Celsius. There is every possibility that Arctic ice was as reduced when the 
St. Roch sailed through the passage as it has been in recent years. We will never 
know. 

While all the media’s and activist’s attention has been on Arctic sea ice, the 
Antarctic has been playing out its own history in a very different way. The winter 
sea ice around Antarctica has grown above the average from 1979 to 2008 (See 
Figure 8). This has proven problematic for believers as it indicates Antarctica is 
cooling, contrary to what they have been led to believe by predictions based on 
computer models. In December 2008 Nature published an article claiming the 
Antarctic was warming.^’'* Many climate activists, including A1 Gore, seized on this 
article to bolster their belief in human-caused warming.^^^ It turned out that the 
Nature article had been largely based on a computer model rather than real 
measurements of temperature. This represented another turning point in the 
questioning of the science used to claim humans were definitely causing the earth to 
warm up.^’* 

In 2009 the U.S. Geological Survey (USGS) published a paper in which it reported 
sea ice had retreated in one part of the Antarctic Peninsula.^’’'The paper made it 
clear that ice was growing in other parts of Antarctica and it was not clear whether 
the total amount of ice on and around the continent was shrinking or growing. In 
Greenpeace-like fashion the USGS then issued a media release claiming the sea ice 
was “disappearing” in Antarctica and that sea level rise was imminent. News 
services 
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picked up this story, which gave the impression Antarctica was melting away. 
Perhaps the USGS scientists feel the need to sensationalize their otherwise good 
research in order to get more funding. I don’t know, but it certainly misleads the 
public about what is really happening down there. 

The University of Illinois’ website, The Cryosphere Today, contains the entire 
record of sea ice since 1979.^^’ (The Cryosphere is the area of the earth covered with 
ice.) Figure 9 (on previous page) shows the global sea ice cover, adding together the 
Arctic and the Antarctic, from 1979 until the present.5®°This is our total knowledge 
of the history of sea ice cover on planet Earth. There is no obvious trend up or down 
because increased ice cover in the Antarctic offsets most of the reduced ice cover in 
the Arctic. So even the very short record we do have for global sea ice cover 
provides no evidence of rapid global warming. 

Coral Reefs, Shellfish, and “Ocean Acidification” 

It has been widely reported in the media, based on a few scientific papers, that the 
increasing levels of CO^in the atmosphere will result in “ocean acidification,” 
threatening coral reefs and all marine shellfish with extinction within 20 years.^®* 
The story goes like this: The oceans absorb about 25 percent of the CO^we emit into 
the atmosphere each year. The higher the CO^content of the atmosphere, the more 
COjWill be absorbed by the oceans. When COjis dissolved in water, some of it is 
converted into carbonic acid that has a weak acidic effect. If the sea becomes more 
acidic, it will dissolve the calcium carbonate that is the main constituent of coral and 
the shells of clams, shrimp, crabs, etc. It is one more doomsday scenario, predicting 
the seas will “degrade into a useless tidal desert,”^*^ 

In his latest book, Eaarth: Making a Life on a Tough New Planet, Bill McKibben 
claims, “Already the ocean is more acid than anytime in the last 800,000 years, and 
at cturent rates by 2050 it will be more corrosive than anytime in the past 20 million 
years.” In typical hyperbolic fashion, McKibben, the author of the well-know essay, 
“The End of Nature,” uses the words acid and corrosive as if the ocean will bum off 
your skin and flesh to the bone if you dare swim in it in 2050. This is just plain fear- 
mongering. 

Results of research published in the journal Science by M.R. Palmer et al., indicate 
that over the past 1 5 million years, “All five samples record surface seawater pH 
values that are within the range observed in the oceans today, and they all show a 
decrease in the calculated pH with depth that is similar to that observed 
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in the present-day equatorial Pacific.” The five samples recorded pH values for 
85,000 years ago and for 2.5, 6.4, 12.1, and 15.7 million years ago.^® 

First, one should point out that the ocean is not acidic, it has a pH of 8.1, which is 
alkaline, the opposite of acidic. A pH of 7 is neutral, below 7 is acidic, above 7 is 
alkaline. Researchers have reported in scientific journals that the pH of the seas has 
gone down by 0.075 over the past 250 years, “Between 1751 and 1994 surface ocean 
pH is estimated to have decreased from approximately 8.179 to 8.104 (a change of 
-0.075).”^*'* One has to wonder how the pH of the ocean was measured to an 
accuracy of three decimal places in 175 1 when the concept of pH was not introduced 
until 1909.^*5 

It turns out that just as with climate science in general, these predictions are based 
on computer models. But oceans are not simple systems whose components can just 
be plugged into a computer. First, there is the complex mix of elements and salts 
dissolved in the sea. Every element on Earth is present in seawater and these 
elements interact in complex ways. Then there is the biological factor, tens of 
thousands of species that are consuming and excreting every day. The salt content of 
seawater gives the oceans a very large buffering capacity against change in pH. 

Small additions of acidic and alkaline substances can easily alter the pH of 
freshwater, whereas seawater can neutralize large additions of acidic and alkaline 
substances. 

One of the most important biological phenomena in the sea is the combining of 
calcium, carbon, and oxygen to form calcium carbonate, CaCOj, the primary 
constituent of corals and shells, including the skeletons of microscopic plankton. 

The formation of calcium carbonate is called calcification. All of the vast chalk, 
limestone, and marble deposits in the earth’s crust are composed of calcium 
carbonate, which was created and deposited by marine organisms over millions of 
years. The carbon in calcium carbonate is derived from COj dissolved in seawater. 
One might therefore imagine that an increase in COj in seawater would enhance cal- 
cification rather than destroy it. It turns out this is precisely the case. 

As is the case with terrestrial plants, it has been thoroughly demonstrated that 
increased COj concentration in the sea results in higher rates of photosynthesis and 
faster growth. Photosynthesis has the effect of in- creasing the pH of the water, 
making it more alkaline, counteracting any minor acidic effect of the CO itself^®* 
The owners of saltwater aquariums 
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often add COj to the water in order to increase photosynthesis and calcification, a 
practice that is similar to greenhouse growers adding CO^to the air in their 
greenhouses to promote the faster growth of plants. The vast bulk of scientific 
literature indicates increased CO^ in the ocean will actually result in increased 
growth and calcification, as opposed to the catastrophe scenario pushed by the 
NRDC, Greenpeace, and many other activist organizations.^*^^®* 

A long list of scientific publications that support the view that increased 
COj in seawater results in increased calcification can be found on the COj 
Science website.^®^ A paper by Atkinson et al., published in the journal 
Coral Reefs, states that ftieir finding “seems to contradict conclusions ... 
that high CO may inhibit calcification.”®®" 

“Ocean acidification” is a perfect example of a contrived catastrophe scenario. The 
average person does not have a grasp of the complexities of marine chemistry and 
biology. The activists simply coin a new, scary term like “acidification” and then 
effectively extort money from people who are concerned for the future. And all this 
emphasis on the dangers of COjtends to divert people from thinking about the real 
dangers to coral reefs like destructive fishing methods and pollution from sewage. 

Our little house by the Sea of Cortez in Cabo Pulmo in southern Baja, Mexico, looks 
out over a National Marine Park that contains the only large coral reef on the west 
coast of the Americas. Pulmo Reef is a popular dive site, known for its rich 
abundance of reef fish, many of which school in the thousands. It was after a dive on 
the reef during our first visit to Cabo Pulmo in 1999 that Eileen and I decided to 
make a base there. Since then we have dived and snorkeled on the reef many times 
each year. 

In September of 2002 a tropical storm brought torrential rains that dumped over 20 
inches of rainfall in a 24-hour period. It must have been a once in a 100-year event 
as the flooding was the worst the locals could remember. A lens of freshwater about 
20 feet deep spread out over the reef as a result of the runoff from the mountains. 
This killed all the coral, as coral cannot live in freshwater. Only the corals below the 
20-foot depth of the freshwater layer survived. 
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Figure 10. Global and Northern Hemisphere tropical cyclone energy 1979 to 2010. Since the peak during the 1990s, the 
frequency and intensity of tropical cyclones has diminished considerably.”' 

For a few years after the event virtually no living coral could be seen in the 
shallower waters. The reef turned white and became covered in green algae, which 
in turn resulted in an explosion of sea urchins where there had been very few before. 
By 2006 the reef began to recover noticeably with nodules of new coral becoming 
established. Coral polyps from the deeper regions of the reef were recolonizing the 
shallow waters. The sea urchins died out and fish returned in greater abundance. 
Today the reef is in full recovery as the coral is now growing substantially each 
year. It may take another 20 years or more to recover completely, and will only do 
so if there is not another torrential rainstorm. 

I imagine some people who believe we are causing catastrophic cli- mate change 
would suggest we were responsible for the torrential rains that killed part of the reef. 
I don’t believe we can be so certain, especially as such events have been occurring 
since long before humans began emitting billions of tons of CO^each year. And 
regardless of the storm’s cause, it is comforting to know that the reef can recover de- 
spite the dire predictions of the early death of coral reefs worldwide. 

Storms, Hurricanes, and Severe Weather Events 

Everyone likes to talk about the weather and climate activists are no exception. In 
the aftermath of Hurricane Katrina in 2005, which caused so much devastation to 
New Orleans and the surrounding regions, A1 Gore gave a rousing speech 

39!. Ryan Maue, “Ryan N. Maue’s 2010 Global Tropical Cycltaie Activity Update,” Florida State University, 
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severe as global warming intensified.^®^ Since that speech the intensity of global 
hurricanes has diminished by about half firom the peak years of 1993 and 1998. Still, 
on the cover of his 2009 book, Our Choice: A Plan to Solve the Climate Crisis, A1 
Gore had four fake hurricanes airbrushed onto a photo of the earth from space.^®^ 

He continues to push the fear of hurricanes when it has become clear there is no 
longer any basis for such concern. In fact, scientists at the U.S. National Hurricane 
Center predict that global warming will result in not more but fewer hurricanes.^®^ A1 
Gore must be aware of this. 

Sea Level Rise 

There is conclusive proof that increased CO^levels will be good for plants both on 
the land and in the sea. If increased CO^does make the world warmer, it will almost 
certainly make it wetter, which will also be good for plants and most animals, 
including us. Then what is so bad about global warming anyway, whether it is 
natural or caused by humans? The prospect that sea levels will rise in a warmer 
world is the main draw- back as this would threaten the infrastructure we have built 
in low-lying coastal areas. 

The seal level has fluctuated a great deal during the Pleistocene, as ice sheets have 
advanced and retreated and as temperatures have risen and fallen. At the height of 
the last glaciation, which ended 18,000 years ago, the sea was about 120 meters 
(nearly 400 feet) lower than it is today (See Figure 1 1). There was relatively rapid 
glacial melting and subsequent sea level rise between 15,000 and 6000 years ago as 
large, lower elevation ice sheets melted and disappeared. During the past 6000 
years, the rise has been slower but steady. In recent times the sea level has risen by 
about 20 centimeters (8 inches) per century.^®* 

Clearly human activity was not responsible for the end of the last glaciation, 
subsequent warming, and the retreat of the world’s glaciers during the past 18,000 
years. To date we have no indication that the rate of sea level rise is increasing, 
whether by natural causes or by our impact on climate. Many predictions of future 
sea level rise have been based on computer models. In its 2007 report the IPCC 
predicted sea level would rise between 18 and 59 centimeters (7 to 23 inches) during 
the 
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Figure 1 1. Graph showing that sea level was 120 meters (nearly 4CK) feet) lower at the hei^t of the last glaciation.”’ 


next century. The low end is entirely reasonable as this is about equal to the present 
rate. The high end is three times the present rate and would require a considerable 
amount of warming during this century. As yet there has been no warming in this 
century and sea level rise has not been increasing. 

If the sea were to rise nearly two feet as the IPCC suggests in its extreme case, there 
would be disruptions to infrastructure and related activities. While natural 
ecosystems would adapt with little difficulty, coastal infrastructure would definitely 
be impacted negatively, especially our wharfs, buildings, farms, and industries. It 
wouldn’t matter whether or not the sea level rise was due to natural or human 
causes. 

The 120-meter (400-foot) sea level rise during the past 18,000 years did not damage 
the environment and was not a significant factor in human survival. We have 
managed to cope with the 20-centimeter (8-inch) rise over the past century. But we 
have built vastly more coastal infrastructure over the past century than we have in all 
of human history, and we will continue to do so during the next century. 

What should we do about this? Is it wise to assume we are the cause of sea level rise 
and then to end the activities we think are responsible? Or would it make more sense 
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to plan for a sea level rise of, say, 30 centimeters (12 inches) over the next century. 

If we are not the cause of sea level rise, which I believe is likely, then there is not 
much we can do to stop it any- way. If we plan for continued sea level rise at 50 
percent above the present rate, we could avoid all or most damage by thinking 
ahead. We could build the dykes a little higher, not develop suburbs in areas that are 
susceptible to sea level rise, and generally plan our infrastructure to withstand sea 
level rise. How could that cause more negative impacts than an 80 percent or larger 
reduction in fossil fuel use worldwide in the next decade? 

I repeat my assertion that we should make an effort to reduce our reliance on fossil 
fuels and switch to alternatives where this is technologically feasible and reasonably 
cost-effective. But anything approaching an 80 percent reduction in fossil fuel use 
over the next decade or two would do more to destroy our civilization than any 
plausible impact of climate change, even if we were responsible for it. Yet that is 
what many climate activists, including Greenpeace and A1 Gore, are calling for. I 
believe there are more practical and logical steps that can be taken to find a balance 
between our environmental, social, and economic priorities. I believe it would be 
possible to reduce fossil fuel use by 80 percent over the next 50 to 75 years, but we 
must consider the economic and social cost of doing so. 

Pacific Islands and Sea Level Rise 

Climate change activists have made great fanfare about the possibility that many 
island states, such as the Marshall Islands, Kiribati, Tuvalu, and the Maldives, will 
be inundated and disappear due to rising sea levels caused by human-induced 
climate change.^’* The government of the Maldives has made the case that rich, 
carbon-emitting industrial nations should provide financial compensation for the 
loss of their countries. None of the projections of sinking island states has taken into 
account the fact that most of them are built on coral reefs and atolls and that coral 
reefs are alive. A recent survey of 27 Pacific Islands, comparing aerial photographs 
from up to 61 years ago with current photographs, demonstrated that 23 islands 
maintained the same land area or increased in size, while only four islands suffered a 
net loss in size. During this period there was a rise in sea level of 2 mm per 
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year. This indicates that the coral is able to grow as fast or faster than the rising sea, 
and that coral islands grow as a result of coral breaking off and forming reefs that in 
turn catch more coral and grow in size. Many of the coral islands in the tropics have 
existed for thousands of years, while during that time the sea has risen by hundreds 
of feet. It is therefore likely that yet another doomsday scenario regarding the impact 
of climate change is wildly overblown and may actually have no impact even if the 
sea does continue to rise. 

The “Trick” to “Hide the Decline” 

The most quoted email among the thousands released from the Climatic Research 
Unit, which led to the “Climategate” crisis, was one from the CRU’s head, Phil 
Jones, referring to “Mike’s Nature trick.. .to hide the decline.”'"’* ‘'®^Mike is Michael 
Mann, the creator of the infamous and, to many, discredited hockey stick graph. 
Nature is the science journal that shows a marked bias in support of human-caused 
climate change. The “trick” was to discard tree-ring data that did not fit the true 
believer’s bias, data that showed a drop in temperature in recent decades. These 
climate scientists clearly colluded to hide the data that showed the decline and to 
substitute data that indicated unprecedented warming over the past 50 years. 

In response to the “Climategate” emails the U.K. House of Commons Science and 
Technology Committee held hearings to determine if Phil Jones and his staff at the 
Climatic Research Unit had done anything un- toward. They concluded that “trick” 
and “hide the decline” were “colloquial terms used in private emails and the balance 
of evidence is that they were not part of a systematic attempt to mislead.”"*®^ This 
is an obvious white- wash, because whether or not they are colloquial terms, “trick” 
means “trick” and “hide the decline” means “hide the decline.” The committee did 
not provide an explanation of what it thought the terms meant in a “colloquial” 
context. It is amazing what deceptions can be perpetrated in broad daylight by 
people in responsible positions. 

Another “independent inquiry” conducted by the University of East Anglia, where 
the Climatic Research Unit is housed, and supported by the Royal Society, 
concluded with the statement, “We saw no evidence of 
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any deliberate scientific malpractice in any of the work of the Climatic Research 
Unit.”‘'05 The inquiry was headed by Lord Oxburgh, who has deep personal and 
financial interests in climate policy. He is the chair of a multinational wind energy 
company and the chair of the Carbon Capture and Storage Association.''^ Missing 
from the inquiry’s report is the fact that the inquiry did not examine the 
“Climategate” emails or consider evidence from anyone other than the CRU staff In 
this report the “trick” “to hide the decline” was not even mentioned; never mind the 
many other indications of impropriety that were contained in the emails.'*®’ Phil 
Jones himself clearly requested that his colleagues delete previous emails con- 
taining damaging information.''®* 

The Enigmatic Dr. Lovelock 

James Lovelock is one of the most insightful and at the same time most enigmatic of 
scientists. He is certainly one of the leading experts on atmospheric chemistry. 
Earlier passages in this book have shown Lovelock to be profoundly pessimistic 
about the future of civilization and the earth’s environment. In an interview in 2006, 
he stated, “We have given Gaia a fever and soon her condition will worsen to a state 
like a coma.. .Before this century is over, billions of us will die, and the few breeding 
pairs of people that survive will be in the Arctic where the climate remains 
tolerable... a broken rabble led by brutal war lords”.'"®'"® Nice visuals! Cue James 
Cameron! I feel a Hollywood blockbuster coming on. Yet recently, in the wake of 
the “Climategate” scandal and the failure of the Copenhagen climate summit, 
Lovelock has had some change of heart. 

Speaking at the London Science Museum in March 2010 Lovelock said, “It is worth 
thinking that what we are doing in creating all these car- bon emissions, far from 
being something fnghtfol, is stopping the onset of a new ice age.... If we hadn’t 
appeared on the earth, it would be due to go through another ice age and we can look 
at our part as holding that up. I hate all this business about feeling guilty about what 
we’re doing.” This sounds surprisingly like the line of thinking I challenged him 
with 
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during my visit to his home in 2002. His other colleagues have undoubtedly raised 
similar points, that there is a possibility ^ve are a positive force rather than an 
entirely negative one. 

It is clear Lovelock was rattled by the revelations in the thousands of leaked emails 
from the Climatic Research Unit. During his first interview after the “Climategate” 
scandal he stated, “Fudging the data in any way whatsoever is quite literally a sin 
against the holy ghost of science. I’m not religious, but I put it that way because I 
feel so strongly. It’s the one thing you do not ever do.” And he was surprisingly 
warm toward skeptics, allowing, “What I like about skeptics is that in good science 
you need critics that make you think: ‘Crumbs, have I made a mistake here?’ If you 
don’t have that continuously, you really are up the creek.. .If you make a [computer] 
model, after a while you get suckered into it. You begin to for- get that it’s a model 
and think of it as the real world.”""' 

Some of his recent statements are chilling. Lovelock contends that, “We need a 
more authoritative world.. .even the best democracies agree that when a major war 
approaches, democracy must be put on hold for the time being. I have a feeling that 
climate change may be an issue as severe as a war. It may be necessary to put 
democracy on hold for a while.”""^ If we are indeed preventing a new ice age, then 
why is it like a war, and why must we suspend democracy? Perhaps Lovelock just 
can’t make up his mind which it is, catastrophe or salvation. In any case he provides 
good reason why brilliant scientists who have been cloistered in labs and research 
institutes most of their lives should not be running the government. 

Conclusion 

Beginning in the 1980s a widespread alarmist view has developed regard- ing future 
climate change. The United Nations, most national academies of science, the 
majority of political parties, the mainstream media, many scientists, and virtually all 
environmental activist groups have come to believe that if human emissions of COj 
continue at present levels the global temperature will soar, resulting in untold 
destruction to civilization and the environment. This has caused many countries to 
consider, and even to adopt, policies to reduce fossil use to levels that could cripple 
their economies.""^ 

As of 2013 it has become clear that the global temperature stopped rising 16 years 
ago, after a 20-year period of increasing temperature. This is despite the fact that 
CO 2 emissions have continued to rise at an increasing 
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rate. No scientist professes to know why global warming has stopped, but many 
continue to believe humans are driving a “climate catastrophe.” Experts and opinion 
leaders who have publicly bought into the climate crisis hypothesis are obviously 
reluctant to change their views. They can’t do so without losing face, having 
invested their reputations in such a high- profile issue. There is a sense that the true 
believers have become the real deniers.'"^ 

Considering that the increase in temperature has stopped for the time being, and 
noting the three issues of the “Climategate” scandal, the col- lapse of the 
Copenhagen conference, and the errors in the 2007 IPCC report, it seems clear that 
the foundation of climate change alarmism has been shaken. Many top scientists 
have made public statements to distance themselves from the supposed prevailing 
view.'"^ ‘ti« 417 Qjjg pf jjjQgj influential skeptical voices is that of physicist 

Freeman Dyson, considered one the world’s most brilliant thinkers by many of his 
peers.*"® A feature article that made his views on climate clear appeared in the New 
York Times Magazine in March 2009 and turned a lot of heads.*"® He said, “The cli- 
mate-studies people who work with models always tend to overestimate their 
models,” and “They come to believe models are real and forget they are only 
models.” He explained, “Most of the evolution of life occurred on a planet 
substantially warmer than it is now, and substantially richer in car- bon dioxide.” 
Dyson referred to A1 Gore as climate change’s “chief propagandist,” and as 
someone who preaches “lousy science, distracting public attention from more 
serious and more immediate dangers to the planet.” 

While the author of this article politely derided Dyson’s point of view, there was no 
doubt about where one of the great thinkers of our time stands on the subject. I think 
one Freeman Dyson is worth 10,000 true believers who mimic one another, falsely 
claiming that there is an “over- whelming consensus” and extolling, “the vast body 
of evidence showing the world is warming because of man-made greenhouse gas 
emissions” without providing any details of the “vast body of evidence.” 

In recent months a number of mainstream media outlets, including many British and 
American newspapers, have abandoned their strong biases and are now publishing 
articles that are balanced and even skeptical of human-caused warming. The 
collapse of the “overwhelming 
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http://www-weeklvstandard.com/articles/dcnia} 

D4I5. “The Deniers,” Wikipedia, http://en.wikipediaorg/wiki/The_Deniers:_The_world-rcnowned_scientists_who_stood_up_ 
against_globa!_warm{ng_hysteria,j3oliticalj>ersecution,_and_frmid 

0416. MarcMorano, “Scientists Write Open Letter to Confess,” ClimateDepot, July 1,2009, http;//climatedcpoLcont/a/1745/ 
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417. Neil Reynolds. “Please Remain Calm; The Eardi Will Globe and Mail, My 19,2010, 

http://www.theglobeandmai!.com/news/op{nions/piease-rcmain-calm-tfte-effl1h-will-heal-itsclfi'articlel642767/0 

418. “Freeman Dyson,” Wikipedia, http://en.wikipedia.org/wki/Freeman_Dyscm0419. Nicholas Dawidoff, “The Civil Heretic,” New 
York Times, March 25, 2009, http://www.nytimes.cofn/2009/03/29Anagazin^9Dyson-t.html 
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consensus” is good news for everyone who believes this topic should be discussed 
openly and objectively. There is a breath of fresh air in the climate change debate. 

There is much work to do in trying to validate or reject the assertions of the major 
players in climate science. They include the Climatic Research Unit of the 
University of East Anglia, the U.S. National Oceanic and Atmospheric 
Administration, the Goddard Institute of Space Science of the U.S. National 
Aeronautics and Space Agency (NASA), and the Intergovernmental Panel on 
Climate Change. All these top agencies are implicated in the “Climategate” scandal 
and are being investigated by various authorities. The U.K. Institute of Physics’ 
submission to the Parliamentary Committee investigating the leaked emails from the 
Climatic Research Unit made these observations;'’^” 

1. The Institute is concerned that, unless the disclosed e-mails are proved to be 

forgeries or adaptations, worrying implications arise for the integrity of 
scientific research in this field and for the credibility of the scientific method 
as practised in this context. 

2. The CRU e-mails as published on the Internet provide prima facie [at first sight] 

evidence of determined and coordinated refusals to comply with honourable 
scientific traditions and freedom of information law. The principle that 
scientists should be willing to expose their ideas and results to independent 
testing and replication by others, which requires the open exchange of data, 
procedures and materials, is vital. The lack of compliance has been confirmed 
by the findings of the Information Commissioner. This extends well beyond 
the CRU itself - most of the e-mails were exchanged with researchers in a 
number of other international institutions who are also involved in the 
formulation of the IPCC’s conclusions on climate change. 

3. It is important to recognize that there are two completely different categories of 

data set that are involved in the CRU e-mail exchanges: 

• those compiled from direct instrumental measurements of □ land and ocean 

surface temperatures such as the CRU, GISS Dand NOAA data sets; 
and 

• historic temperature reconstructions from measurements of □ ‘proxies’, for 

example, tree-rings. 

4. The second category relating to proxy reconstructions are the basis for the 

conclusion that 20th century warming is unprecedented. 

420. Steve McIntyre, “Institute of Physics Submission,” Climate Audit, February 26, 2010, http://climateaudit.org/2010/02/26/institute* 
of-physics-submission/ 
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Published reconstructions may represent only a part of the raw data available and 
may be sensitive to the choices made and the statistical techniques used. Different 
choices, omissions or statistical processes may lead to different conclusions. This 
possibility was evidently the reason behind some of the [rejected] requests for 
further information. 

5. The e-mails reveal doubts as to the reliability of some of the re- constructions and 
raise questions as to the way in which they have been represented; for example, the 
apparent suppression, in graphics widely used by the IPCC, of proxy results for 
recent decades that do not agree with contemporary instrumental temperature 
measurements. 

The Institute of Physics has no reason to exaggerate or to hold any bias. The 
Institute makes it clear that the information provided by the Climatic Research Unit 
may not be credible or trustworthy. Clearly it will be some time before the “science 
is settled.” 

On May 29, 2010, Britain’s top science body, the Royal Society, an- nounced it 
would review its literature on climate change in order to reflect the skeptical view. 
The Royal Society stated, “Any public perception that science is somehow fully 
settled is wholly incorrect— -there is always room for new observations, theories, 
measurements.” Along with the change of tone by the London Science Museum this 
marks a sharp turning point, from certainty and “overwhelming consensus,” to a 
balanced dialogue on the subject. One can only hope that other major science bodies 
will adopt the same policy. 

At this writing the developments in the climate change debate are changing faster 
than the climate itself The public is becoming more skeptical by the day, while the 
believers work doubly hard to shore up their position, assuring us warming will 
eventually return in earnest. This may be, but it is not happening now, and even If 
warming does recur in future, that by itself won’t prove that we are the main cause. I 
remain open to new information and continue to follow the discussion on a daily 
basis. 

Some readers will argue that I have only presented the skeptical side of the debate. 
This is only because the historical evidence, what has actually occurred, does not 
support the idea that we are the primary cause of global warming, never mind that its 
impacts will be “catastrophic.” All the pre- dictions based on computer models in 
this world can’t change history or manufacture the future. For that we must patiently 
wait. Meanwhile we should embark on the path toward a future that focuses on 
sustainable energy as outlined in Chapter 15. We could gradually reduce our over- 
whelming reliance on fossil fuels and replace some of them with cleaner, sustainable 
energy sources. This will satisfy many agendas, including the agenda of the 
believers in human-caused climate change. 
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Senator Whitehouse. Thank you very much, Dr. Moore. We now 
turn to our final witness, Mr. Robert Bryce. He has served as a 
senior fellow at the Center for Energy Policy and the Environment 
at the Manhattan Institute since April 2010. He is a journalist and 
author based in Austin, Texas. Erom 2006 to 2010 he worked as 
a managing editor of the online publication Energy Tribune. Mr. 
Bryce received his BEA from the University of Texas at Austin in 
1986. 

Mr. Bryce, please proceed. 

STATEMENT OF ROBERT BRYCE, SENIOR FELLOW, 
MANHATTAN INSTITUTE FOR POLICY RESEARCH 

Mr. Bryce. Thank you, and good afternoon. 

Over the past decade or so, the U.S. Government has enacted 
policies to encourage the use of renewable energy in general and 
wind energy in particular. These policies are, in theory, designed 
to address the issue of climate change. 

But the facts show three certain things. First, the wind energy 
sector has been getting billions of dollars in Federal subsidies, even 
though it is killing significant numbers of some of America’s most 
iconic wildlife. Second, Federal authorities have largely turned a 
blind eye to the wind industry’s slaughter of our wildlife. And fi- 
nally and most importantly, this slaughter is being done in the 
name of climate change, but whatever reductions in carbon dioxide 
emissions that may be occurring due to the deployment of wind 
turbines are so small as to be insignificant. 

I began writing about the Migratory Bird Treaty Act and the 
Eagle Protection Act in the late 1980’s. At that time the Fish and 
Wildlife Service estimated that roughly 600,000 birds per year 
were being killed after coming in contact with illegal oil pits in the 
oil fields of Texas, New Mexico and Oklahoma. In response, the 
Fish and Wildlife Service rightly began a multi-State, multi-juris- 
dictional crackdown on these illegal operations. They brought more 
than 200 cases against the oil and gas industry at that time for vio- 
lations of the Migratory Bird Treaty Act and Eagle Protection Act. 

Today, biologists are estimating that U.S. wind turbines are kill- 
ing about 900,000 bats and 600,000 birds per year. The Fish and 
Wildlife Service’s own biologists have documented dozens of cases 
of eagle kills by wind turbines, including at least six bald eagles. 
They have documented now eagle kills in 14 States. Between 2007 
and 2011, they found a twelvefold increase in the annual rate of 
eagles being killed by wind turbines. And yet to date, the Fish and 
Wildlife Service and the Department of Justice have brought ex- 
actly one, I repeat, one, prosecution against the wind industry for 
clear and continuing violations of some of America’s oldest wildlife 
laws. 

Furthermore, and most astoundingly, the Interior Department is 
now considering permits that would allow the wind industry to kill 
eagles and other migratory birds for up to 30 years. 

Now, let me discuss the more important issue here of CO 2 emis- 
sions, and let me be blunt. The birds and bats that are being killed 
by America’s wind turbines are effectively being killed for no rea- 
son. Widespread deployment of wind turbines is not an effective cli- 
mate change strategy. In fact, wind turbines are nothing more than 
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climate change scarecrows. This is not an opinion, this is basic 
math. 

The American Wind Energy Association estimates that in 2012, 

60.000 megawatts of wind turbine capacity in the United States re- 
sulted in a reduction in CO 2 emissions of roughly 80 million tons. 
This amounts to two-tenths of 1 percent of global carbon dioxide 
emissions. Climate change activists repeatedly tell us to do the 
math. OK, let’s do the math. Since 1982, global carbon dioxide 
emissions have been rising by an average of 500 million tons per 
year. Therefore, if we wanted to use wind energy merely to sta- 
bilize carbon dioxide emissions globally, and remember, this will 
not cut existing demand for coal, oil or natural gas, it would re- 
quire the installation of roughly 375,000 megawatts of new wind 
energy capacity every year. 

The power density of wind energy is 1 watt per square meter. 
Therefore, the math is simple. It would require, to stabilize CO 2 
emissions growth, it would require covering a land area of roughly 

375.000 square kilometers, an area the size of Germany, and we 
would have to do so every year. If we reduce that to a daily basis, 
ladies and gentlemen, it would require us to cover roughly 1,000 
square kilometers, a land area the size of 17 Manhattan islands, 
with wind turbines, and we would have to do so every year. And 
because of the noise those wind turbines make, no people could live 
on that vast area of land. And further, and most obviously, the 
more wind turbines we erect, the more birds and bats we will kill. 

About 5 years ago I testified in this same Senate office building 
about our energy policy here in the United States. If we are going 
to agree that CO 2 emissions are a problem, and we want to do 
something about it without destroying our economy, we must em- 
brace the technologies that are affordable, scalable and are lower 
carbon than oil and coal. That means end to end, natural gas to 
nuclear. 

Thank you. 

[The prepared statement of Mr. Bryce follows:] 
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Good afternoon. 

The focus of this hearing is on the economic benefits of ecosystems and 
wildlife and how they “are valuable to a wide range of industries,” including 
tourism. The purpose is also to examine “how the Administration is 
preparing to protect” ecosystems “in a changing climate.” 

The facts show that federally subsidized efforts that are being undertaken to, 
in theory, address climate change, are damaging America’s wildlife. 
Furthermore, those same efforts have, for years, been allowing an entire 
industry to avoid federal prosecution under some of America’s oldest 
wildlife laws. 

My discussion will focus largely on the wind-energy sector, an industry that 
has been getting federal subsidies since 1992, and the impact that the wind- 
energy business is having on wildlife.' 

There are two key questions that must be addressed: 

* Are all energy providers getting equal treatment under the law when it 
comes to wildlife protection? The answer to that question is no. 

* Is widespread deployment of wind turbines an effective climate-change 
strategy? The answer, again, is no. 
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Energy companies are not being treated equally when it comes to 
enforcement of federal wildlife laws. 

I have been writing about the Migratory Bird Treaty Act and the Bald and 
Golden Eagle Protection Act since the late 1980s.“ In the late 1980s and 
early 1990s, the US Fish and Wildlife Service brought hundreds of 
enforcement cases against the oil and gas industry in Texas, Oklahoma, and 
New Mexico, for violations of those laws. And rightly so. 

At that time, the Fish and Wildlife Service estimated that about 600,000 
birds per year were being killed after coming in contact with illegal or 
improperly maintained pits in the oil fields.'" 

In 2009, 1 resumed writing about the enforcement of the Migratory Bird 
Treaty Act, (enacted in 1918)"' and Bald and Golden Eagle Protection Act 
(enacted in 1940)'' after groups like the American Bird Conservancy began 
calling attention to the threat that wind turbines were posing to birds and 
bats.''* 

A July 2008 study of bird kills by wind turbines at Altamont Pass, 
California, estimated that the massive wind farm was killing 80 golden 
eagles per year. Those birds are protected by the Bald and Golden Eagle 
Protection Act.''" In addition to the eagle kills, the study, funded by the 
Alameda County Community Development Agency, estimated that about 
2,400 other raptors, including burrowing owls, American kestrels, and red- 
tailed hawks - as well as about 7,500 other birds, nearly all of which are 
protected under the Migratory Bird Treaty Act - were being killed every 
year at Altamont.''"' 

In 2009, a biologist with the Fish and Wildlife Service estimated wind 
turbines were killing some 440,000 birds per year."' 

The bird-kill studies in 2008 and 2009 underscored the pernicious double 
standard at work. In the late ‘80s, the Fish and Wildlife Service, found 
widespread violations of the Migratory Bird Treaty Act by the oil and gas 
industry. In response, it launched a multi-state, multi-jurisdictional 
crackdown on the oil and gas industry. 
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By 2009, the agency’s own biologists were finding that the wind industry 
was causing similar levels of wildlife mortality to what had occurred two 
decades earlier in the oilfield, and yet there were no prosecutions. There 
were no multi-state law-enforcement actions. Instead, there was widespread 
silence on the issue and what appeared to be the Interior Department’s 
issuance of a de facto get-out-of-jail-free-card for the wind industry because 
it had been deemed “green” by some advocates. 

At the same time the wind industry was getting a free pass on bird kills, the 
Fish and Wildlife Service continued prosecuting traditional energy 
companies for violating the Migratory Bird Treaty Act. On July 10, 2009, 
Oregon-based PacifiCorp agreed to pay $ 1 .4 million in fines and restitution 
for killing 232 eagles in Wyoming over a two-year period. The birds were 
electrocuted by the company’s power lines.’' 

In 2011, the Fish and Wildlife Service filed criminal indictments against 
three drillers who were operating in North Dakota’s Bakken field. One of 
those companies, Continental Resources, was indicted for killing a single 
bird, a Say’s phoebe. Brigham Oil & Gas was charged with killing two 
mallards and Newfield Production was indicted for the deaths of two 
mallards, one northern pintail, and one red-necked duck.’" 

In 2012, investigators found that the Pine Tree wind project in California 
had killed at least six golden eagles.”" In early 2013, Jill Birchell, a special 
agent in charge with the Division of Law Enforcement of the Fish and 
Wildlife Service, told me that a total of nine golden eagles had been killed at 
the Pine Tree project.”'" A biological assessment of the Pine Tree project 
estimated that the wind project was killing some 1,595 birds, or about 12 
birds per megawatt of installed capacity, per year.”''' 

Given the number of dead eagles being found at Pine Tree, and the 
projections of other bird mortality, the obvious question is this; Why haven’t 
the owners of the Pine Tree project been prosecuted for violating the 
Migratory Bird Treaty Act and the Eagle Protection Act? 

I can only speculate as to why there hasn’t been a prosecution. But it’s worth 
noting that the Pine Tree project is owned by the Los Angeles Department of 
Water and Power. Prosecuting such a high-profile governmental entity for 
repeatedly violating some of America’s oldest wildlife-protection laws 
would be politically embarrassing. On its website, the LADWP claims that 
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the Pine Tree facility is the “largest municipally owned wind farm in the US.” 
The agency also says the Pine Tree project “displaces at least 200,000 tons 
of greenhouse gases” per year.*'' 

In March 2013, a peer-reviewed study published in the Wildlife Society 
Bulletin, estimated that in 2012 alone, US wind turbines killed 888,000 bats 
and 573,000 birds. Those bird kills included 83,000 raptors.™ In September 
2013, some of the Fish and Wildlife Service’s top raptor biologists reported 
that the number of eagles being killed by wind turbines has increased 
dramatically over the last few years, going from two in 2007 to 24 in 201 1. 

In all, the biologists found that wind mrbines have killed some 85 eagles 
since 1997. And Joel Pagel, the lead author of the report, told me that that 
the eagle-kill figures they used are “an absolute minimum.” Among the 
carcasses: six bald eagles. 

Pagel’s study was published just five months after the Fish and Wildlife 
Service issued a report which said flatly “there are no conservation measures 
that have been scientifically shown to reduce eagle disturbance and blade- 
strike mortality at wind projects.”*'" 

The Pagel study is key because it shows that as more wind projects have 
been built, more birds have been killed. In 2007, the US had about 17,000 
megawatts of installed capacity. By 201 1, that figure had nearly tripled to 
about 47,000 megawatts.*'"' Over that time period, the number of 
documented eagle kills increased by a factor of 12. 

Furthermore, when I interviewed Pagel by phone shortly after his report was 
published in the Journal of Raptor Research, he told me that since he 
completed his report, he and his colleagues have documented additional 
eagle kills by wind turbines in Idaho, Montana, Nevada, and North Dakota. 
Pagel refused to say how many additional eagle-kills they’d confirmed, but 
said, “it’s quite a few.” Pagel went on to say that there are now “14 states 
where eagles have been killed” by wind turbines. “That’s a very large 
geographical area,” he said, adding that more than half of the eagle carcasses 
“were found incidentally,” and that there were “no systematic surveys” of 
the wind projects by people who had been trained to look for dead birds.*'* 

To clarify that last comment: Pagel said that most of the dead eagles that 
have been killed by wind turbines were found by people who were not 
looking for them. Therefore, the actual total of dead eagles is likely far 
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higher than what Pagel and his colleagues are reporting. “We don’t know 
how many eagles are being killed at wind farms,” Pagel said, “but it’s 
definitely more than what we have reported.” 

The September report from Pagel and his colleagues appears to have 
embarrassed federal law enforcement authorities into finally take action 
against the wind industry. On November 22, the Justice Department 
announced that it had reached a $1 million settlement with the owner of two 
Wyoming wind projects which had illegally killed golden eagles and other 
federally protected birds. The plea deal, with Duke Energy, marks the first 
time that the federal government has enforced the Migratory Bird Treaty Act 
against the wind industry. By bringing criminal charges against Duke - for 
killing 14 golden eagles and 149 other protected birds - the Justice 
Department ended the legal double standard on enforcement of the Act.“ 

It’s not at all clear what happens next. Although the Fish and Wildlife 
Service says it has several active bird-kill investigations on other wind 
projects, no prosecutions have been announced. 

The situation got even murkier in December, when the Interior Department 
announced that it would consider granting some wind-energy companies 
permits that may allow them to kill or injure bald and golden eagles for up to 
30 years without penalty. A number of environmental groups oppose the 30- 
year permit deal, including the American Bird Conservancy, Conservation 
Law Center, and the National Audubon Society.”' 

Immediately after the deal was announced, Audubon issued a statement with 
the headline “Interior Dept. Rule Greenlights Eagle Slaughter at Wind 
Farms.” The statement calls the permit deal “a smnningly bad move.” It also 
quotes the group’s president and CEO, David Yarnold: “Instead of balancing 
the need for conservation and renewable energy. Interior wrote the wind 
industry a blank check.” He went on, saying “It’s outrageous that the 
government is sanctioning the killing of America’s symbol, the Bald 
Eagle.”™ 

Let me be clear: there is no such thing as a free lunch, particularly when it 
comes to energy production. Every form of energy comes with positives and 
negatives. What is problematic is the selective enforcement of our wildlife 
laws. If we are going to have a protected class of energy producers who are 
exempt from federal laws, then the Interior Department should make that 
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policy clear. If the Justice Department and Interior Department are not going 
to enforce the law equally - if justice is not going to be blind - then perhaps 
policymakers should consider repealing our wildlife laws altogether. 

Before moving on, let me briefly mention the issue of bat kills. Earlier this 
month, I interviewed Merlin Tuttle, one of the world’s foremost experts on 
bats. He told me “Anyone familiar with bat population biology is deeply 
concerned about the impact of wind turbines on the long term viability of a 
number of bat species.” 

Tuttle, who is the founder of Bat Conservation International, as well as the 
Bats and Wind Energy Cooperative, said that bats have slow reproductive 
rates.”"' And while some wind-energy companies have been conscientious 
in their efforts to mitigate the impact of their facilities on bats, other 
companies have not. The result: “We are at great risk of needlessly creating 
new endangered species. We risk losing the benefits of bats to natural 
systems and agriculture.”*'"'' 


Widespread deployment of wind turbines is not an effective climate- 
change strategy. 

In discussing energy sources, we must cast aside the social marketing of 
renewable energy and discard pre-conceived notions as to what qualifies as 
“green.” Instead, we must focus on basic physics and math. 

I am an ardent proponent of nuclear energy because of its negligible carbon 
dioxide emissions and its incredibly high power density. No other form of 
energy production can produce as much energy from such a small footprint 
as a nuclear reactor. This is due to basic physics. Allow me to explain this by 
using a common metric in physics: power density, which is a measure of the 
energy flow that can be harnessed from a given area, volume, or mass. 

The concept of power density can be understood by looking at the San 
Onofre Nuclear Generating Station in Southern California. SONGS has a 
capacity of about 2,200 megawatts (2.2 billion watts.)*'"' The plant, which is 
slated for closure, covers 214 acres or 866,027 square meters.’"‘'''Therefore, 
the nuclear plant has a power density of about 2,500 watts per square 
meter.’'*''" 
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Now let’s compare that to the power density of wind energy, which is 1 watt 
per square meter. And I can back up that number with a half dozen 
studies.™”^ 

Therefore, to replace the San Onofre plant with wind energy would require 
setting aside 2.2 billion square meters of land. That’s 2,200 square 
kilometers. Put another way, if we wanted to replace the San Onofre 
Generating Station solely with wind energy, California policymakers would 
have to set aside a land area nearly as large as Sacramento County. And 
because of the low-frequency noise and infrasound that wind turbines make, 
no people could live on that county-sized piece of land. 

It is essential to understand the concept of power density because it is 
directly related to the wildlife-kill issue. To produce significant quantities of 
energy with wind energy requires vast swaths of land to be covered with 
wind turbines. And the more wind turbines that are installed, the more birds 
and bats will be killed. That can be seen by the Pagel smdy mentioned 
above, which shows that as wind-energy installations in the US have 
increased, so have the verified numbers of eagle kills. 

When we look at the main justification for renewable energy projects, and 
wind energy in particular, climate change is nearly always mentioned. For 
instance, the Global Wind Energy Council claims “The greatest benefit of 
wind power is its contribution to reduction of carbon dioxide emissions.’”” 
On its website, the American Wind Energy Association says “Mitigating 
climate change poses an immediate need to reduce greenhouse gas pollution. 
Fortunately, wind energy can play a major role in reducing C02 
emissions.”™' And in a December 6, 2013 press release that focused on the 
bird-kill issue, the American Wind Energy Association claimed that wind 
energy “is one of the cheapest, fastest, most readily scalable ways available 
now to address climate change.”™" 

Those claims are among many similar ones that have been made over the 
past few years by renewable-energy advocates. Here’s the reality: Wind 
turbines are nothing more than climate-change scarecrows. 

The proliferation of wind turbines over the past few years has not, and will 
not, result in statistically significant reductions in global carbon dioxide 
emissions. That is not an opinion. It is simple math. 
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In 2012, the American Wind Energy Association claims that wind energy 
reduced domestic carbon dioxide emissions by 80 million tons.”"" That 
sounds significant. It’s equal to about 1.4 percent of US carbon dioxide 
emissions in 2012. But the issue isn’t US carbon dioxide emissions. As 
President Obama said in his State of the Union speech on January 28, “Over 
the past eight years the United States has reduced our total carbon pollution 
more than any other nation on Earth.”"”"' 

The daunting challenge we face is global carbon dioxide emissions. In 2012, 
those emissions totaled 34.5 billion tons.™ Thus, in 2012, the 60,000 
megawatts of domestic wind-generation capacity reduced global carbon 
dioxide emissions by about two-tenths of 1 percent. 

Since 1 982, global carbon dioxide emissions have been increasing by an 
average of about 500 million tons per year.’‘’‘’‘''' If we take the American 
Wind Energy Association’s claim that 60,000 megawatts of wind-energy 
capacity can reduce carbon dioxide emissions by about 80 million tons per 
year, then simple math shows that if we wanted to stop the growth in global 
carbon dioxide emissions by using wind energy alone, we would have to 
install about 375,000 megawatts of new wind-energy capacity every year. If 
we assume each turbine has a capacity of two megawatts, that would mean 
installing 187,500 wind turbines every year, or nearly 500 every day. 

How much land would all those wind turbines require? Again, the math is 
straightforward. As I noted earlier, the power density of wind energy is 1 
watt per square meter. 

Therefore, attempting to halt the growth in carbon dioxide emissions with 
wind energy alone would require covering a land area of about 375 billion 
square meters or 375,000 square kilometers — an area the size of Germany -- 
and we would have to do so every year. 

What would that mean on a daily basis? Using wind alone to stop the growth 
in carbon dioxide emissions would require us to cover about 1 ,000 square 
kilometers with wind turbines — a land area about 17 times the size of 
Manhattan Island — and we would have to do so every day!'^™' Given the 
ongoing backlash against the wind industry that is already underway here in 
the US, as well as in Canada, Europe, and Australia, the silliness of such a 
proposal is obvious. 
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The hard but unavoidable truth about wind energy is that it not even a viable 
option to stop the growth in global carbon dioxide emissions, much less 
make a significant dent in existing demand for carbon-based fuels. 

If we are going to agree that carbon dioxide is a problem, and that we must 
reduce carbon dioxide emissions in order to protect wildlife, then we must 
embrace the technologies that are most effective at reducing our production 
of that gas. And that means N2N, natural gas to nuclear. 

A surge in availability of low-cost natural gas has been a key driver of the 
recent reductions in US carbon dioxide emissions. Furthermore, it is beyond 
argument that that if we are going to be serious about making further 
reductions in emissions, we will have to get serious about nuclear energy, 
not just on a national basis, but on a global basis. 

That point was made in November, when some of the world’s top climate 
scientists, including James Hansen, a former NASA scientist, Kerry 
Emanuel of the Massachusetts Institute of Technology, Tom Wigley of the 
University of Adelaide in Australia, and Ken Caldeira of the Carnegie 
Institution, wrote an open letter that was clearly aimed at anti-nuclear groups 
like the Sierra Club, Greenpeace, and the Natural Resources Defense 
Council. The letter says that while renewables “like wind and solar and 
biomass” are growing, those sources “cannot scale up fast enough to deliver 
cheap and reliable power at the scale the global economy requires.” It went 
on, saying that “in the real world there is no credible path to climate 
stabilization that does not include a substantial role for nuclear power.” The 
four concluded their epistle by saying that if environmental activists have 
“real concern about risks from climate change” then they should begin 
“calling for the development and deployment of advanced nuclear 
energy.”™™* 

Rather than get serious about nuclear, the US and other countries have been 
subsidizing the paving of vast areas of the countryside with 500-foot-high 
bird- and bat-killing whirligigs that are nothing more than climate talismans. 
Wind turbines are not going to stop changes in the earth’s climate. Instead, 
they are token gestures - giant steel scarecrows - that are deceiving the 
public into thinking that we as a society are doing something to avert the 
possibility of climate change. 
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Even though wind energy has not been, and cannot be, an effective strategy 
to address global climate change, the US government and state-level 
policymakers are continuing to pursue this failed strategy through tax 
breaks, mandates, and subsidies. Those policies are leading the deployment 
of still more bird- and bat-killing wind turbines. According to the latest 
projections from the Energy Information Administration, domestic wind- 
energy capacity is expected to increase by about 25 percent, to about 75 
gigawatts, by the end 012015.*““ And most, perhaps all, of that additional 
1 5 gigawatts of wind-energy capacity, will be getting taxpayer money in the 
form of the production tax credit, the 2.3 cent per kilowatt-hour subsidy that 
is given to the owners of qualifying wind projects. 

Given the studies already done on wind energy’s deleterious impact on 
wildlife, combined with the “energy sprawl” that will come with the 
industry’s continuing expansion, it is virtually certain that as the wind sector 
adds more turbines, more federally protected wildlife - including more bald 
eagles, an animal that has been on the Great Seal of the United States since 
1782 - will be killed.*' And thanks to the production tax credit, taxpayers 
will be subsidizing the slaughter. 

The question at hand is obvious: why are policymakers implementing an 
energy policy that is a known killer of wildlife in exchange for what are 
infinitesimally small reductions in carbon dioxide emissions? 

If the federal goyemment is going to be serious about addressing climate 
change and in protecting this nation’s wildlife, it must focus on the energy 
sources that have small footprints, are able to provide large amounts of 
dispatchable energy at reasonable cost, and can provide significant 
reductions in carbon dioxide emissions when compared to the two sources 
that dominate our current energy mix: oil and coal.*'' 

Those energy sources are natural gas and nuclear energy. 

Thank you. 


END 
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13 March 2014 
Mara Stark-Alcala 

Senate Committee on Environment and Public Works 
410 Dirksen Senate Office Building 
Washington, DC 20510 


Dear Ms. Stark-Alcala, 

Please see below for my responses to the questions from Senator Vitter, 

! . Voar testimony focuses ptimariiy on 0» clwltenges !be wintS raeisf tadustty wiA wi'Milfs 

wd nssisaahte emission* reduetioos. I w»* recently mate aware of a Jetett siramnilag a sole 
«B«gy fccBIfy near the !&lifctni»-Nev«Ja bolder regarding bH kiik. In your »««iirch liwe you 
found twiltr ctellenget wWi solar enei®f that you have discovered with foe wind tadasay? 

!*» pwtiCMlirly inwested » know about your examinatioiis of solar oner©' in dw context of land 
use tod wildlife issues. 


Response: I am not aware of any mortality studies that have been done on 
concentrated-solar projects like the one you mention. Further, given that 
there are relatively few of those facilities now in existence, I would not 
assume that those types of studies are being done. 

2. We have bwn told for years that we are bditod Empean natksts in enacting poiete dwt wilt 
have a positive impact in comlmtttng global climate change. This includes enacting poltctef ite 
a renewable energy mandate and tmplemeniing a cap-and-ttaifo scheme. 


Piti concerned thtn a number of the policies my colleagues support will increase tttergy {wfce* 
and make it more di^icult for consumers to imy their electricity bills. Do you have tm 

using foe European mode! oftransforming our eneigy economy? 


Response: I've attached to this email a recent study I did for the Manhattan 
Institute on that very topic. Given the higher costs of renewable energy, my 
report shows that if the US were to attempt to adopt nationwide mandates 
similar to the policies now being followed in the EU, household electricity 
costs would rise by about 29 percent. Annually, such a policy would cost the 
average household about $377. (See page 10 of my report.) 


Furthermore, it is rather astounding to me to hear politicians and pundits 
advocating policies that would have the US follow the EU at the very same 
time that the EU-member countries are backing away from their renewable- 
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energy programs. Germany alone has spent about $100 billion over the last 
decade or so on subsidies for renewable energy. And yet what is Gemiany 
doing today? It is building more coal-fired power plants. 

The hard truth is that the US is leading the world in reducing its C02 
emissions and those reductions are largely the result of increased use of 
natural gas, a fuel the US has in abundance. 

3. Gwe» tfi« bW tjii tat kill isstte. vi^ifch is andenisMe, a the deployment of wiad tutbi*® a 
C02 stme-ff for proteaing wildlife? 

Response: I don't see how any technology that kills significant numbers of 
some of our most iconic wildlife can be considered a viable strategy for 
wildlife protection. 

As I stated in my written comments to the Senate EPW committee, wind 
energy cannot even meet incremental demand growth for electricity much 
less displace significant quantities of hydrocarbons. If policymakers wanted 
to use wind just to offset the growth in global C02 emissions (growing at 
about 500 million tons per year) we would have to set aside a land area the 
size of Germany, and cover that entire land mass with wind mrbines, and we 
would have to do so every year. The silliness of such a proposal is obvious. 

4, At the hearing, t asked FWS Director Ashe abcsit the need (or constiltalion under the Emfetlgwed 
Species Act retaled to the EPA’s new source (Mifomiance standards (NSPSk Coosuttatlon is 
required when any federal action, including a planning action, may impact an endangered or 
thr^tened species or designated critical habitat. 

Given that the NSPS has carbon staiKlatds that will make it impossible to build a new coal fmrf 
power plant, 1 ejspect a shift in energy production to sources like wind and solar. you agree 

that there will be a shift in energy production to those sources? If fliat is the ease, do you Wieve 
additional wind and solsu energy t^ll have impacts on endangered or threatened species md 
desipaled criticai h^itttt? 

Response: In my view, the Obama administration's war on coal is forcing 
the US to become too reliant on natural gas. That said, there's no question 
that we are seeing a major push toward the use of wind and solar energy. 

Much of that push is due to state-level mandates for renewable energy. As I 
made clear in my testimony, a major threat facing rare and endangered 
species (and in particular, rare and endangered bats and birds) is the 
proliferation of wind turbines. We are seeing more "energy sprawl" at the 
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very time that we, if we are truly concerned about wildlife, should be 
seeking energy and power systems that have small footprints. 

The tmforhmate truth is that many of the "Big Green" environmental groups 
have abandoned the most concentrated forms of energy — and nuclear power 
in particular — and are embracing the most dilute forms. Instead of 
protecting wildlife and open spaces, they've been captured by the renewable- 
energy industry into advocating policies that run counter to the ideals they 
should be advocating. 

I appreciate the opportunity to provide more information to the committee. 
All the best 
RB 

Robert Bryce 

Author/journalist and senior fellow, Manhattan Institute for Policy Research 


Contact information: 
Robert Bryce 
2006 Homedale Drive 
Austin, TX 78704 
(512) 445-5097 
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ExKCUTIVE SlIMM'.'m 


Over the past decade, the United States and the European Unk^t have taken markedly different approaches to the 
electricity markets that power their economies. Seeing drastic reducticms in carbon emissions, the EU has emphasized 
rigid and extensive mandates, market interventions (including a "cap and trade" regime to reduce emissions}, and 
subsidies aimed at promoting renewable energy. The U.S. government, as well as numerous states, while also promoting 
renewables and seeking lower emissions, has interfered far less. U.S. electricity markets operate more freely than their 
European counterparts. So, too, do other U.S. energy sectc«. This has contributed to the recent boom in extraction 
of both oil and natural gas in the U.S. 

As a result of these policy differences, electricity prices in Europe now are far higher than those in the United States, 
for both residential and industrial consumers. Between 2005 and late 2013, the average price of residential electricity 
in the EU rose by 55 percent, and industrial electric rates jumped by 26 percent. The average U.S. household now 
pays 1 2 cents per kilowatt-hour — about a third of what the same amount of electricity costs in Germany. European 
steelmakers now pay twice as much for their ^ectricity as do U.S. manufacturers, 

EU policies have raised its electricity costs by: 

• Giving large subsidies to wind- and solar-energy producers — subsidies that must be paid for by consumers. 

• Mandating the use of renewable energy, which is mcve expensive and \Mrich requires backup power for times 
when the sun doesn't shine and the wind doesn't blow. Because of this need for backup power, consumers must 
pay for both renewables and backup gas-fired plants. 

• Implementing a flawed cap-and-trade s^tem whose market distortions have discouraged efficiency (and, ironically, 
increased coal use). 

For its higher electricity costs, Europe has not received the benefit of higher carbon-emissions reductions: between 
2005 and 2012, U.S. carbon dioxide emissions felt more than diose of the EU did. Furthermore, in 2012, Germany's 
carbon dioxide emissions actually rose by 1 .3 percent over 201 1 levels, while U.S. emissions fell by 3.9 percent. 

Despite this clear contrast between the two economies, some U.S. policymakers— from the president to state 
legislators— have called on the U.S, to implement EU-sty!e electricity policies. 

There is no doubt that such a move would raise U.S. electricity prices and erode, or even eliminate, this country's 
competitive edge in energy. This paper estimates that the net effect of the U.S. adopting a renewable-energy goal like 
the EU's would be to increase the monthly electricity bill of an average household by about 29 percent. 

California — the U.S. state whose policies are most like Europe's — offers a case study in what not to do. Thanks to the 
state's renewables mandates, cap-and-trade system, and aggressive promotion of solar power, California consumers 
are paying far more than their fellow Americans for electricity. 

Instead of emulating Europe's failed policies, the U.S. should: 

• Eliminate its own renewable-energy subsidies. 

• Remove excessive restrictions on coal-fired electricity generation plants. 

• Encourage "N2N" (natural gas to nuclear) sources of electricity. 

• Not impose unnecessary regulations on the process of hydraulic fracturing, which is essential to the production 
of natural gas from shale, 

• Maintain— and improve — safety standards in ail facets of energy production, including drilling, refining, 
transportation, and storage. 
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Maintaining the 
Advantage: 

Why the U.S. Should 
Not Follow the EU's 
Energy Policies 

Robert Btyce INTRODUCTION 

T he European Union and the United States both rely 
on abundant and reliable electricity for every sector of 
their economies. Over the past decade, however, the two 
economic powerhouses have pursued notably different 
approaches to their electricity markets. Nations in the EU, in a 
quest to reduce the carbon emissions associated with fossil fuels, 
have mandated a shift toward the use of solar, wind, and other 
renewable-energy sources. The U.S. and its state governments have 
taken a fiir less intrusive approach, while at the same time expanding 
the development of natural gas and other fossil fuels. 

As a result of this policy difference, there is now a sharp divide between 
the two economies on electricity prices and emissions reductions. 
Prices are higher in Europe, yet emissions reductions are greater in 
the U.S. Between 2005 and late 2013, the average price of residential 
electricity in the EU rose by 55 percent, and industrial electric 
rates jumped by 26 percent.' In 2012, the average household price 
of electricity among the 27 members of the European Union was 
$0.26.^ In Denmark — a country that many wind-energy proponents 
admire — a kilowatt-hour of clectriciry for residential customers 
cost $0.41. In Germany — by far, Europe’s biggest economy, largest 
electricity consumer, and most important manufecturer — the cost was 
$0.35. In Spain, another country that has provided huge subsidies to 
the renewable-energy sector, h was $0.29.’ 

Meanwhile, in the U.S., the average residential cost of electricity in 
2012 was about $0.12.’ 

Even as Americans pay less for electricity because their federal and 
state governments impose fewer emissions-related mandates and 
regulations, the U.S. has reduced its emissions more than the EU 
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has. Between 2005 and 2012, U.S. carbon dioxide 
emissions fell by 10.9 percent. Over that same time 
frame, those emissions from the EU-27 fell by 9.9 
percent. In fact, European policies have created 
perverse incentives whose results contradict the 
policy goals. In 2012, for example, Germany’s carbon 
dioxide emissions rosehy 1.3 percent over 201 1 levels. 
(That same year, U.S. emissions fell by 3.9 percent.)* 

Despite this contrast, influential voices in the U.S. 
federal and state governments — the president, 
senators and representatives, governors and state 
legislators — have been advocating (and sometimes 
implementing) emissions-related regulations that 
emulate Europe’s. They are mistaken. Both the 
energy price divide and the difference in emissions 
reductions results are signs that Americans should 
not copy the EU’s approach. Instead, the U.S. should 
adhere to the policies that have made it a world leader 
in energy production, electricity generation, and 
carbon-dioxide-emissions reductions. 


I. HISTORY AND EFFECTS OF RECENT 
EU ENERGY POLICY MOVES 

For much of the past decade, the European Union 
has been using government intervention in the 
market as a tool to reduce emissions of greenhouse 
gases. In 2005, the European Commission launched 
the world’s first cap-and-tradc system. Two years 
later, the EU agreed to enact its first “energy action 
plan,” which resulted in the commitments known 
as “20/20/20”: by 2020, European governments 
agreed that they would achieve three goals; establish 
legally binding agreements to cut their greenhouse 
gas emissions by 20 percent from 1990 levels; rely 
on renewables fi>r 20 percent of their energy; and 
reduce their energy consumption by 20 percent from 
2007 levels.* 

The EU has indeed seen some reductions in its 
emissions since these policies were adopted. Between 
2005 and 2012, carbon dioxide emissions in the 
EU-27 fell by 9.9 percent.^ Nonetheless, it is far 
from certain that the bloc will meet its 20 percent 
reduction goal by 2020. 


What is certain, though, is that these programs — 
along with big subsidies paid to renewable-energy 
providers — have resulted in dramatic increases in 
electricity prices. Between 2009 and 2013, the 
avet^ energy bill for EU consumers increased by 
some 17 percent, while energy costs for industrial 
users jumped by 21 percent.® 

The increased prices have not bought a well- 
functioning regulatory system. Instead, the EU 
is struggling to fix it.s cap-and-tradc system, the 
Emissions Trading Scheme. The first and most 
extensive such system in the world, the ETS sets a cap 
on rfie total amount of greenhouse gases discharged 
by some 11,000 factories and other installations 
throughout the EU (as well as Iceland, Norway, and 
Liditenstein). Each unit has permits to discharge a 
certain amount of greenhouse gases, and those that 
need to discharge more must buy capacity from those 
chat need less. In theory, this should create incentives 
to reduce emissions without crippling industry. But 
die ETS has never worked so smoothly in practice. 

In fact, the ETS has been embroiled in allegations 
of corruption for years. In 2009, Europol (the EU’s 
criminal intelligence agency) discovered fraudulent 
activities in the system that had led to the loss of some 
$7 billion in tax revenue.*The ETS has also angered 
many of the biggest industrial users in Europe, some 
of which are taking legal action for what they say 
is an under-allocation of carbon allowances. The 
companies — which include Dow Chemical, Shell, 
and ExxonMobil — may seek as much as $5.5 billion 

in compensation.'® 

But the biggest problem for the trading scheme has 
been a collapse in its prices. In 2008, the spot price 
for one con of carbon credit was about 25 euros.” 
By December 2013, that price had fallen to about 5 
euros.'^ The price collapse %vas due to simple supply 
and demand. Too many credits were issued at the 
outset of the scheme. And since the program was 
created, demand for the credits has fallen. This price 
collapse has had an unforeseen result: a reduction in 
gas-fired electricity production. Natural gas-fired 
power plants emit about half as much carbon dioxide 
as comparable coal-fired ones.'* But thanks to the 
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ETS, utilities have found it less expensive to buy 
carbon credits and burn coal than to pay tropes 
high prices for natural gas. 

In fact, coal use in Europe’s biggest countries is 
rising. In 2012, coal use in both Spain and Ae U.K. 
jumped by 24 percent over 20 1 1 levels. In France, coal 
consumption rose 20 percent; in the Netherlands, by 8 
percent; and in Germany, by about 4 percent.*^ Along 
with the ETS, several oAer farces are also pushing 
up coal use. These include higher natural gas prices 
and a surge in low-cost coal imported from the U.S.’^ 
Another significant factor is the decline in Europe’s 
ability to exploit its own natural gas resources. 

In 20 1 2, gas production in Ae U.K fell by 14.4 percent 
when compared wi A 20 1 1 . In Germany, gas production 
fell by 12.5 percent; in France, by 10.2 percent; in 
Denmark, by 9.2 percent; and in Ae NetherlanA, by 
0.4 percent.*'’ But those single-year decline numbers 
do not tell the full story. Since 2005, natural gas 
production in the U.K. has fallen by 53 percent. 
In Germany, production h^ dropped by nearly 43 
percent; in Denmark, production is down by nearly 
39 percent; and in Italy, it has dropped by 29 percent.’^ 

Even without declines in production, Europe would 
face a vast gap between its natural gas us^e and its 
production. In 2012, the 27 members of the EU 
produced about 6 trillion cubic feet of gas while 
consumption was roughly 17 trillion cubic feet.'* 
And the EU will need more gas to meet its emissions- 
reduction targets because natural gas combustion 
produces only half the carbon emissions of coal. So 
the bloc faces a future of rising imports. For many 
European nations, the only realistic source will be 
one whose reliability seems open to question: Russia. 
The Russian gas giant Gazprom has twice cut off gas 
customers during the winter. It cut off gas supplies to 
Ukraine in the winter of 2005-06 and in 2008-09.” 
In 2012, Russia provided about 32 percent of Ae 
EU’s natural gas imports.^ 

Germany: An Object Lesson 

No other European country has been as aggressive 
in pursuing lower carbon emissions as Germany. 


The EU's Share of Global CO, 

Though the EU is committed to addressing the 
possibility of climate change, the 27 member 
countries of the European Union account for oniy 
about 14 percent of giobal carbon dioxide emissions. 
(In 2011, the EU-27 emitted 4.6 billion tons of 
caibon dioxide.^’ That same year, global emissions of 
Aat gas totaled 33.7 billion tons.) For comparison; 
between 2003 and 201 2, China's total carbon dioxide 
emissions grew by nearly 4.9 billion tons.^^ Therefore, 
even if Ae EU could somehow reduce its emissions 
dramatically, it's not clear that this would make a 
major difference in giobal carbon emissions, given 
Ae rapid rise of China and other Asian countries. 


Consequently, Germany — even more than Europe 
as a whole — has experienced major increases in 
the cost of energy. Germany also provides a good 
example of how the rapid push for renewable 
energy has interfered with electricity markets and 
forced consumers to subsidize both renewable and 
conventional electricity generation. {This year, 
according to calculations done by the Financial 
Times, the cumulative cost of the subsidies given to 
renewable energy in Germany since 2000 will hit 
$149 billion.)^ 

In 2013, the surcharge that is added to German 
customers’ electric bills to offset the cost of renewable- 
energy subsidies was 5.3 euro cents (7.25 U.S. cents) 
per kilowatt-hour.^^ This year, that surcharge was 
increased by nearly 19 percent, to 6.3 euro cents 
(8.5 U.S. cents) per kilowatt-hour. Today, then, the 
surcharges for renewables on German electricity 
amount to about 70 percent of Ae full average retail 
price of residential electricity in Ae United States. 

In 20 1 3 alone, thanks to fees and surcha^es for green 
energy, German consumers were charged some $26 
billion for electricity that had a market value of just 
$4 billion.^ Enormous additional costs are looming. 
Germany’s environment minister recently estimated 
that over the next two and a half decades, the country 
may have to spend as much as $ 1 .3 trillion as it tries 


Maintaining the Advantage; Why the U.S. Should Not Follow thf EU';; ErK'f'ay 



152 


Figure I. Regional GHG Emission Shares Since 1980 
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Source; BP Statistical Review of Wc«1d Eriwgy 201 3 

Since 1980, the share of global carbon dioxide emissions coming from the U.S. and Europe has 
declined dramatically. Over that same period, Asia's emissions have more than doubled their share. 
Therefore, any reductions in carbon dioxide emissions that are achieved by the U.S. or Europe are 
having a smaller effect over time. 


to reach its emissions-reducing tai^ets: producing 35 
percent of Its electricity from renewables by 2020 and 
80 percent by 2050.^’ 

In addition to the high costs, the rush to adopt more 
renewables has distorted the country’s electricity 
markets so much that Germany now pays natural 
gas-fired generators to keep their units available 
when they are needed to keep the electric grid from 
going dark. Furthermore, rather than cut Germany’s 
need for hydrocarbons, the Energiewende (or “energy 
revolution,” as the program is called) has caused coal 
consumption in Germany to surge. The reason, as 
we have described above, is that buying emissions 
permits on the ETS is far less expensive chan burning 
natural gas. 

In 20!2, Germany consumed about 1.6 million 
barrels of oil equivalent per day in the form of 
coal. That’s the highest level since 2008.^ In 2013, 
coal provided fully half of Germany’s electricity, 
an increase of about 5 percent over 2012. Going 


forward, Germany’s coal needs are likely to continue 
rising. About 7,300 megawatts of new coal plants are 
scheduled to come online by 2015.^^ 

Nuclear energy might have provided a long-term 
alternative to coal. (In 2012, nuclear reactors 
provided about 100 terawatt-hours of electricity to 
Germany’s electric grid, thus accounting for about 
16 percent of the country’s power. For comparison: 
in 2012, wind energy provided about 28 terawatt- 
hours, and solar provided about 46 terawatt-hours).^® 
But in the wake of the Fukushima disaster in 2011, 
Germany shut down eight of its nuclear reactors.*' 
And the German government has committed to 
retiring all its remaining nuclear reactors by 2022.*^ 
That move will also help drive the nation back to coal. 

The combined rush to adopt renewables and 
quit nuclear power has had devastating effects on 
Germany’s utility companies. Since 2008, E.On, 
the country’s biggest utility, has seen its market 
capitalization fall by about two-thirds.** RWE, 
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Germany’s second-largest utility, has had similar 
stumbles, with its stock price down by more than 
half since 2010.^^ One RWE official recendy told 
The Economist magazine that “conventional power 
generation, quite frankly, as a business unit, is fitting 
for its economic survival.”^’ 

Of course, Europe’s ailing economy, which has 
reduced demand for power, has also contributed to 
the problems facing Germany’s electricity providers. 
Nevertheless, the price of electricity has fallen much 
further than it would have in an unencumbered 
market. The cause is the subsidies given to solar and 
wind generators. Between mid-201 1 and late 2013, 
wholesale electricity prices fell from more than 60 
euros per megawatt-hour to less than 40 euros. Those 
price reduaions have made many conventional power 
plants uneconomic. The result: utilities across ^rope 
are shutting gas-fired power plants. By one estimate, 
some 30,000 megawatts of gas-fired generation 
capacity have been shuttered since 2008.^ Yet the 
traditional generators are still needed for periods 
when the sun isn’t shining and the wind isn’t blowing. 
In fact, the more dependent a region or nation is on 
renewables, the more it needs a backup supply of 
absolutely reliable power that won’t be affected by 
shifts in the weather. Without such backup power, a 
grid that depends on renewables is certain to suffer 
brownouts and/or blackouts. 

Accordingly, Germany has been forced to pay 
electricity generators to keep open gas-fired power 
plants that were rendered unprofitable because of 
the subsidies being paid to the renewable-energy 
providers. Those subsidies led to a surge of elearicity 
production from wind and solar that helped drive 
down the price of power in the wholesale market. In 
early 2013, for example, E.On threatened to shut 
down a new gas-fired power plant, the Irsching-5, 
in Bavaria. The plant, which had cost $500 million 
to build and could generate 846 megawatts at top 
capacity, was operating only 25 percent of the time. 
Under Germany’s energy policies, E.On’s CEO 
in March 2013 declared that it was “not possible 
to operate gas-fired power plants however clean, 
efficient and good for the climate and the country 
they may be.’’®^ 


After weeks of negotiations, E.On announced that 
it had stmck a deal with German regulators and a 
r^onal grid operator, in which the operator agreed 
to pay the company tens of millions of euros per year 
in “capacity payments” — or, to put it more simply, 
subsidies — to keep open both the Irsching-5 plant 
and a tecond facility, the Irsching-4.^* 

Consequently, Germany’s electricity consumers 
are now paying high energy bills to subsidize both 
renewable and conventional electricity generation. 

The Backlash Against Expensive Regulations 

The expensive governmental interventions in the 
EUs energy markets have provoked a backlash 
from industry. In September 2013, the Federation 
of German Industries (BDI), an influential trade 
association, declared that the costs of Energiewende 
had become an enormous burden and that “the 
international competitiveness of German industry 
is in danger."^’ And the BDI’s director-general, 
Markus I^rber, warned that companies in Germany 
“are already starting to lower investments” in the 
country.^" At about the same time, the German 
Chemical Industry Association said that “spiralling 
energy costs will soon drive us into the wall. It has 
become dangerous.”'*' 

In late 201 3, giant German industrial company BASF 
estimated that it could save nearly $700 million per 
year in energy costs if it were to relocate ail its plants 
to the U.S. That clearly will not be happening but is 
indicative of the energy-cost advantage that the U.S. 
now enjoys. And that advantage does have practical 
consequences. BASE the world’s bluest chemical 
maker by sales, has doubled the amount of capital 
that it invests in the U.S. In 2010, the company was 
investing about $500 million per year in the U.S. By 
2013, that figure had jumped to $I billion per year, 
and BASF expects to continue its annual investments 
at that level through 2017.^^ 

The soaring cost of energy is also hurting individual 
Germans. In September 2013, Der Spiegel, one of 
Germany’s most respected publications, reported 
that some 300,000 German residences were 
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having their electricity cut ofF because of unpaid 
bills. Soaring energy costs are creating a situation 
where increasing numbers of Germans are living in 
“enei^ poverty” — a state of deprivation due to low 
consumption of energy. It is striking that the term, 
which is usually used in discussions of poor people 
in developing nations, should be useful in describing 
Germany, one of the worlds richest countries. 

Countries throughout the European Union have 
begun scaling back their subsidies and mandates for 
renewable energy because of soaring costs and dubious 
environmental gains. The big news came on January 
22, 2014, when the European Commission scrapped 
plans to mandate that a predetermined percentage of 
electricity come from renewables by 2030 in membw 
nations. Instead, it set an EU-widc goal for renewables 
of “at least 27 percent.” That’s an increase over the 20 
percent goal that EU members are supposed to achieve 
by 2020, but far short of what renewable-energy 
lobbyists wanted. One wind lobbyist called the new 
goal “very weak” and a “non-carget.”^^ 

Meanwhile, throughout the European Union, 
countries have been slashing renewable-energy 
subsidies. In 2012, both France and Germany cut 
subsidies for solar energy.^^ And Germany has said 
that it will end its solar subsidies completely next 
year.^^ In 2013, Spain — where the government has 
piled up some $35 billion in debt (known as the tariff 
deficit) by subsidizing renewable energy — announced 
that it, too, was cutting payments for renewables.^® 
In late 2013, the U.K. and Romania announced that 
they also would cut subsidies for renewables. The 
U.K. is reducing subsidies for onshore wind and 
solar.^^ Romania is cutting subsidies for wind, solar, 
and small hydropower projects.'*’* 

Price Comparison 

As European consumers and industrial users struggle 
with mounting energy costs, matters look very 
different across the Atlantic. Electricity and natural 
gas prices in the United States are significantly lower 
than they are in Europe, giving the U.S. a competitive 
advantage. Industrial rates for electricity in the U.S. 
are less than half those in Germany and about 38 


German/s Share of Global CO^ 

In 2012, Germany emitted 81 5 million tons of carbon 
dioxide, or about 2,4 percent of global emissions of 
that gas. While it's true that Germany has had success 
at cutting its emissions, which fell by 7.7 percent 
between 2005 and 2012, it's also apparent that 
Gennany's actions alone will not have a major effect 
cm global emissions. Meanwhile, the U.S. — ^without 
imposing nationwide renewable mandates or cap-and- 
ti’ade policies — has had better success at cutting its 
cartxw dioxide emissions than Germany has. Between 
2005 and 2012, U.S. carbon dioxide emissions fell by 
708 millicKi tons— a reduction neariy as large as the 
emissions of the entire German economy.*'^ 


percent lower than industrial rates in the Netherlands. 
In Det^mber, the Center for European Policy Studies, 
a Brussels-based think tank, found that European 
steelmakers pay twice as much for electricity and 
four times as much for natural gas as steel producers 
operating in the U.S.^® American consumers are also 
benefiting directly from the U.S. energy market by 
paying far less for electricity chan Europeans are, as we 
have described above. In 2012, the average German 
residential electricity customer was paying nearly 


injure 2 Residential Cost of Electricity' in US 
i Versus Other Dev'eloped Countries In 2012 


Country 

Cost per kilowatt-hour (in US dollars) 

EU .. c; 



Denmark 


0,41 

France . •, 



Germany 


0,35 

Ireland - 


0:26' 

Italy 


0.28 

Japan 



Netherlands 


0.24 

Spain : 



Sweden 


0.25 

Switzerland 


0.22 

U.K. 


0.20 



0.12 

j Source; Eurostat and irttemationa! Energy Agency (lEA) 





155 


Figure 3. Cost of Natural Gas and Electricity 
for Industrial Users in European Couiitrie 
and the U.S., 20i2:(in as. DollaB) 

Country Natural Gas Eiectridty 
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three times as much as his U.S. counterpart. The 
average Dane was paying about 3-4 times as much. 


The price differences for electricity are paralleled 
by a similar gap in natural gas prices. The U.S. now 
has a price advantage for natural gas that is second 
to no other country on the planet, with the possible 
exception of Qatar. Since 2009, U.S. natural gas 
prices have averaged about $4 or less per million 
BTU.’’ In the EU, that same amount of gas will 
cost three to four times as much. In Japan, it will 
cost about five times as much.^^ That kind of price 
differential has important consequences for industry. 
Between 2010 and 2012, for example, the cost of 


gas for steel production in the EU jumped by 34 
percent.” (Over that same time period, the spot price 
of natural gas in the U.S. fell by 37 percent.) 

2. BEHIND THE U.S. PRICE ADVANTAGE 

Like Europe, the U.S. has seen a push for the 
use of renewables in electricity generation. Over 
the past decade or so, a majority of U.S. states 
have implemented renewable portfolio standards 
or renewable-energy goals.^'* The result of those 
mandates, along with significant subsidies at the 
state and federal levels, has been rapid growth in the 
production of non-hydro renewable energy. Between 
2005 and 2012, the production of energy from wind, 
biomass, and solar grew by about 72 percent. In 20 1 2, 
those non-hydro renewables provided 2.3 percent of 
domestic energy use, or about 1 million barrels of oil 
equivalent per day.^^ 

However, U.S. policies have been neither so extreme 
nor so centralized as those of Europe. Moreover, 
governments in the U.S. have supported — or, at least, 
not suppresred — a remarkable boom in the supply of 
natural gas, brought about by new technologies for its 
extraction. (A notable exception is the state of New York, 
which continues to have a ban on hydraulic fracturing.) 

Over the past half-decade or so, domestic drillers have 
perfected the use of horizontal drilling and hydraulic 
fracturing, and in doing so have dramatically 
increased their ability to produce oil and natural gas 
from shale formations. The result has been dramatic 
increases in oil and natural gas production, which has 
lowered the price of natural gas and thus helped keep 
elearicity prices far lower than they are in Europe. 

In 2013, U.S. oil production rose by about 1 
million barrels per day, the biggest year-on-year 
increase since record keeping began back in 1859.^'^ 
Production gains are so dramatic that the U.S. could 
soon surpass both Russia and Saudi Arabia in daily 
production. (To put that increase in perspective, 
consider that in 2013, the increase in U.S. oil 
production equaled the combined energy output of 
all the solar panels, wind turbines, and biomass-to- 
energy plants in the country.) 
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Meanwhile, in the realm of natural the U.S. 
has already surpassed Russia as the world’s bluest 
producer. In 2013, U.S. natural gas production 
averaged 70 billion cubic feet per day, a record hi^ 
for domestic production and a 41 percent increase 
over 2005 levels.^^ 

That sufge has helped lower natural gas prices and 
spur dramatic increases in consumption. For instance, 
between 2005 and 2012, natural gas consumption 
jumped by 1.7 million barrels of oil equivalent per 
day. In contrast, over that same period, non-hydro 
renewable production increased by 604,000 barrels of 
oil equivalent. Thus, over that seven-year period,/**!/ 
the increase in natural gas consumption in the U.S. 
was nearly triple the increase in energy production 
that was seen in solar, wind, and biomt^s production. 

Even as it has increased its oil and gas production, the 
U.S. also has seen a significant decrease in its caibon 
dioxide emissions. Between 2005 (when the EU 
implemented its Emissions Trading Scheme) and 201 2, 
U.S. emissions of carbon dioxide fell by 10.9 percent.® 
The U.S. has not imposed national renew^lc-cnergy 
mandates, an emissions trading system, or a carbon 
tax; yet it has seen a bigger percentile decline in its 
carbon dioxide emissions than the EU has. 

As Europe spends tens of billions of dollars on 
renewable-eneigy mandates and subsidies, the U.S. 
is reaping hundreds of billions of dollars worth of 
economic stimulus from lower-cost natural gas and 
oil. A September 2013 study by consulting firm IHS 
estimated that development of “unconventional” oil 
and gas (a term that applies to shale and other so- 
called tight geological formations) is adding nearly 
$300 billion, or a full 2 percent, to America’s annual 
GDP. IHS also estimated that more than 2. 1 million 
jobs in the U.S. are now supported by unconventional 
oil and gas activity. That number could rise as high 
as 3.9 million jobs by 2025.^*^ 

A few weeks after the IHS study came out, Wallace 
Tyner, an energy economist « Purdue University, along 
with rwo of his Purdue colleagues, estimated that the 
positive economic impact of rhe shale revolution on 
the U.S. economy was even higher — some $473 billion 


per year, or about 3 percent of GDP and that those 
benefit would likely continue until 2035.®’ 

Those price advantages enhance ocher competitive 
ad^^tages that the U.S. has in sectors ranging from 
transportation and manufacturing to industrial 
processing and fertilizer production. It is no surprise, 
then, that low-cost natural gas is attracting foreign 
investors that arc building new industrial facilities to 
use the resource. Last year, for example, an Egyptian 
company, Orascom, began construction on a new 
$1.8 billion fertilizer plant in lowa,*^' and Vallourec, 
a Frendi company, opened a new $!.l billion steel 
mill in the Rust Belt town of Youngstown, Ohio.*"^ 

Foreign companies are also investing direedy in the 
U.S. oil and gas sector. Between 2008 and 2012 
alone, foreign companies invested more than $26 
billion in the U.S. drilling sector.''^ 


3. THE RISKS OF EMULATING THE EU S 
ENERGY POLICIES 

As we have seen, the European Union’s mandates for 
the use of renewables have resulted in higher prices 
(directly paid for electricity as well as indirectly paid 
via subsidies extended to renewable and conventional 
power suppliers). And the EU’s cap-and-trade regime 
has distorted markers, discouraging the use of both 
nuclear and natural gas power plants and thus helping 
to spur increased use of coal, which emirs far more 
carbon dioxide for the electricity that it yields. 

Despite this record, some policymakers in the U.S. 
are pushing for this country to adopt the policies 
that have &led the EU. In 2012, in his State of the 
Union address. President Obama called for a national 
clean energy standard that would mandate the use of 
renewable energy.*^ In December 20 1 3, the president 
signed a memorandum directing all branches of the 
federal government to get at least 20 percent of their 
electricity from renewable sources by 2020. If achieved, 
this would more than double renewable use by the 
federal government. In a December 5 press release, the 
White House claimed that the move would “reduce 
pollution in our communities, promote American 
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1 Figure 4. Natural Gas Prices in the U.S. . Germany. U.K.. and japan, 

1990-20(2 (in U.S. Dollars) 
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Over the past decade or so, while natural gas prices in other major developed countries have been 

increasing, those same prices in the U.S. have been flat or falling. That low-cost gas is attracting 


industry and creating jobs. 



energy independence, and support homegrown 
energy.'"^^ The mandate on renewable electricity use 
for federal agencies is important because the federal 
government consumes roughly 57 terawatt-hours of 
electricity per year.^ That is approximately 1.5 percent 
of all the electricity sold in the U.S.*^ 

Meanwhile, in the U.S. Senate, Jeff Bingaman (D- 
NM) introduced a bill in 2012 fora national “clean 
energy" standard that would have mandated big 
increases in the use of renewable energy. His bill had 
eight cosponsors, one of whom was John Kerry, now 
the U.S. secretary of state.^ 

At the state level, some legislators have already 
enacted European-style programs for renewable- 
energy use. Indeed, as we have described in an earlier 
paper, an ample majority of U.S. states now have 
renewable-sources mandates in place.^ 

How might EU policies affect U.S. electricity prices? 
We can estimate that impact by comparing the 
amount of electricity generated by solar and wind — 


which provided about 3 percent of the electricity 
generated in the U.S. in 2012 — with the higher 
costs that would come with ramping up the output 
of those sources to meet a 27 percent mandate^® (the 
level specified in the European Commissions January 
22, 2014, press release). 

To simplify the calculations, let’s assume that there 
will be no increase in electricity consumption in the 
U.S. over the coming years. Further, let’s assume 
that half of the mandated increase in renewable 
electricity production will come from solar and the 
other half will come from wind and that the costs 
of those energy sources will remain flat. The 50-50 
allocation for solar and wind is reasonable, given the 
ongoing rural and suburban backlash against laige 
wind projects and the rapid growth in solar. (In 2012 
alone, solar capacity in the U.S. grew by 84 percent.) 
Furthermore, Germany is now producing nearly 
twice as much electricity from solar as it is from wind. 

Now, let’s look at the difference in the cost of 
electridty generated from natural gas with that from 
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wind and solar. According to the Ener^ [nfbrmadon 
Administration, for electricity generation plants 
entering service in 2018, producing a megawatt- 
hour of electricity from natural gas will cost $65.60. 
Generating that same amount of energy from onshore 
wind will cost $86.60. Therefore, producing a 
megawatt-hour of electricity from wind will cost an 
additional $21, or 32 percent, more than producii^ 
it from natural gas. Producing a megawatt-hour of 
electricity from solar photovoltaic modules will cost 
$144.30. That’s an additional $78.70, or 120 percent, 
more per megawatt-hour.^' (These calculations are 
purposely ignoring the even-higher-cost renewable 
sources of offshore wind, which is expected to cost 
$22 1 .50 per megawaci-hour, and solar thermal, which 
is expected to cost $261.50 per megawatt-hour.) 

In 2012, domestic electricity sales totaled 3,694 
terawatt-hours.^ Of that sum, we generated about 
1 2 1 terawatt-hours from wind and 4 terawatt-hours 
from solar. A 27 percent national goal would mean 
that 997 terawatt-hours of domestic electricity 
would have to be generated from wind and solar. If 
we subtract the existing solar and wind production 
(125 terawatt-hours) from the mandated sum of 
997 terawatt-hours, the U.S. would need to generate 
an additional 872 terawatt-hours of renewable 
electricity. And as specified, half of that amount, or 
436 terawatt-hours, would have to come from solar, 
and the remaining 436 terawatt-hours would have 
to come from wind. 

By calculating the price differential between natural 
gas-fired electricity and those for wind and solar, ii 
is apparent that the additional cost of meeting the 27 
percent renewable-energy mandate would be roughly 
$43.4 billion per ycar.’’^ While those additional 
electricity costs will be spread across the residential, 
commercial, and industrial sectors, the added cost of 
the renewable mandates will ultimately be borne by 
individual consumers and households. 

There are now about 115 million households in the 
U.S.^^ Thus, the additional cost per household of 
a national 27 percent renewable-energy mandate 
would be about $377 per year, or $3 1 .4 1 per month. 
In 2012, the average monthly electricity bill for 


residential customers in the U.S. was $107.28.^^ 
Therefore, the net effect of adopting a renewable- 
energy goal like that adopted by the EU will be 
inci«iscd dcctric costs across the entire economy that 
will, in effect, increase the monthly electricity bill of 
an average household by about 29 percent. 

It is important to note, though, that we need not 
confine ourselves to speculation about the impact of 
EU policies in the United States. We have a real-world 
test case, whose history confirms chat mandates and 
maricet interventions raise electricity costs while failing 
to achieve globally significant reductions in carbon 
emissions. 

California: EU Policies in an American State 

California, often considered a bellwether of national 
trends, has adopted a panoply of EU-mode! low- 
carbon policies: California legislators have passed 
mandates on everything from renewable electricity 
to lower-carbon motor fuel. And the state now has 
its own cap-and-trade system. 

As a result, the Golden State has some of the most 
expensive electricity in the country. The cap-and- 
trade r^ime alone will cause rate increases of up 
to 8 percent, according to the California Public 
Utilities Commission.” The mandates and other 
interventions will almost certainly make the state’s 
electricity even more expensive. In 20 1 2, the average 
price of a kilowatt-hour of electricity in California was 
13.53 cents.^®The nationwide average price was 9.87 
cents.” California also has some of the most expensive 
industrial and commercial rates in the continental 
United States. In 2012, industrial electric rates in 
California were 10.49 cents per kilowatt-hour. Only 
five other states in the continental U.S. — all of them 
on the East Coast — had higher industrial races.*® 

But those figures actually understate some of the 
energy premiums being paid by California residents. 
In November 2013, according to the Bureau of 
Labor Statistics, residential electricity users in the 
region around Los Angeles were paying an average 
of 21.5 cents per kilowatt-hour — ■66 percent higher 
than average for U.S. residential users that month. 
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Southern California residents were also paying 
significantly more for gasoline and natural ^ than 
consumers in other states.®* 

Furthermore, according to the latest data from the 
Jacksonville Electric Authority, which does quarter^ 
surveys of residential electric rates, Califiarnianowhas 
the dubious distinction of having three of the six most 
expensive utilities in the United States. The October 
1, 2013, data show that a residential customer who 
relies on Southern California Edison (which charges 
more than any other utility in the country) will pay 
$3 1 6.06 per month to consume 1 ,250 kilowatt-htHiis 
of electricity. By comparison, a residential customer 
in San Antonio, Texas, who uses that same quantity 
of energy will pay $120.86.®^ 

A. The Renewable Mandate 

By law, California’s utilities are required to get one- 
third of their electricity from renewable sources 
by 2020.®** Implementing that mandate will be 
costly. In 2009, the California Public Utilities 
Commission (CPUC) said that the 33 percent 
goal was “highly ambitious, given the magnitude 
of the infrastructure build-out required.”*^ The 
CPUC estimated the cost of that infrastructure 
“at approximately $ 1 1 5 billion between now and 
2020.”*'^ That $115 billion amounts to some 
$3, 1 00 for every Californian.*’’ 

Infrastructure needs are part of the reason a 2013 
study by Navigant Consulting found that the 
renewable-energy mandates “will likely lead to 


increased prices and rates as utilities attempt to 
incrementally phase renewable energy into their 
portfolios.”** The study, which was done for a 
coalition of business groups called Californians for 
Affordable and Reliable Electricity, pointed out 
that renewable-energy resources typically cost more 
(on a per-unit'of-energy basis) than conventional, 
fossil-based resources and generally require new 
transmission capacity.*’ Those facts, combined with 
the fact that California’s biggest utilities will have 
to add large volumes of new renewable resources by 
2020, mean that, according to Navigant. many costs 
associated with the renewable mandates “have not yet 
begun to be reflected in rates. Higher cost resources 
going forward are . . . being added to their portfolios 
at a hi^er rate than before.” 

More evidence of renewable-energy policies’ surging 
costs can be seen in documents filed by one of the 
states bluest utilities, Pacific Gas & Electric, in 20 1 3. 
The utility said that the cost impact of its renewable- 
energy contracts have “not yet been captured on 
customer bills. PG&E forecasts that its energy 
procurement costs will increase in 2014. The cost of 
generation from renewable sources Is a contributing 
factor to PG&E’s procurement cost increase, which 
is expected to increase the system average bundled 
rate by 7.9 perr^nt in 2014.”” 

In exchange for these extra present-day and future 
costs, California policy counts on lower carbon 
emissions. Bur on this point, too, the Golden State’s 
experience is like the EU’s: in 20 1 2, the state’s carbon 
dioxide emissions rose by nearly 1 1 percent over 20 1 1 


Figure 5. Residential Electric Rale Comparison. 

Three of the Six U .S, Utilities with the Most Expensive Electricity Are in California 

Location Entity Total cost of 1,250 kilowatt-hours 


'■^'■■/'Southeirii'Ceriifofraa 

Fairbanks, AK Golden Valley Electric Association 271,25 

Los Angeles, CA Department of Water & Power 199,73 

WilwaukW,'WI; •. We-Enwgies - ; ;1'84;85V' 

Sacramento, CA Sacramento Municipal Utility District 180.66 

Source JacksorwIlteElectrIc Authority, . "Quarleriy.ElectricftaleComparison’'; clata<urrentas<^0ctober1,.2013‘’ 

NoterCosts showr^ include base'rates, fuel a4istm««chanjes,8ftdapplicabletraochise lees. . 
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levels. The rise was largely attributed to the shutdown 
of the San Onofre nuclear plant and the subsequent 
need to burn more natural gas to replace electricity 
that had come from the reactor.’* 

B. The Storage Mandate 

In addition to the cost of renewables and cap-and- 
trade, the state must also cope with another set of costs 
imposed by its commitment to renewables. As we haw 
mentioned, gas-fired plants have been required to bade 
up renewables during times when the sun doesn’t shine 
and the wind doesn’t blow, so using renewables has 
been associated with higher carbon emissions. In an 
attempt to address this problem, the CPUC is t«juiring 
the state’s large utilities to invest in technoioges for 
storing electricity. Unfortunately, aside from a small 
handful of pumped-hydro s)^tems, there are no proven 
large-scale electricity storj^ technologies currently 
available. (And pumped-hydro systems are expensiw 
and require the right geography and abundant water 
resources). Nonetheless, the commission’s mandate 
requires companies to install enough storage by 2024 
to power about 1 million homes. In response to the 
commission’s proposal, Southern Caiifismia Edison has 
said that the move “could cost up to $3 billion with 
uncertain net benefits for customers.”’^ 

C The Solar Subsidy 

California is rapidly adding rooftop-solar installations. 
Those systems will also add costs. In August, the 
CPUC released a report on a policy known as 
“net metering,” which allows homeowners, school 
districts, and businesses to o^set the cost of their 
electricity consumption with the power that they 
produce from their rooftop solar installations. By 
2020, according to the report, the net-metering 
policy will cost California’s ww-solar customers about 
$1,1 billion per year. 

In short, California, like the EU, has adopted policies 
that are drastically increasing the cost of energy in the 
name of climate change. But those policies will, even 
in the best-case scenario, have only an infinitesimal 
effect on carbon dioxide emissions and therefore, on 
global climate. 


4. MAINTAINING THE U.S. AADANTAGE 

For de<^es, the U.S. economy has prospered thanks 
to cheap, abundant, reliable supplies of energy. 
Domestic policymakers should focus on ensuring 
that this remains the case. Therefore, they should 
not follow the EU’s lead. 

Instead, they should eliminate renewable-energy 
^ibsidies and remove excessive restrictions on coal- 
fired electricity generation plants. If policymakers 
want to continue reducing carbon dioxide emissions, 
diey should encourage “N2N” (natural gas to nuclear) 
policies and not impose unnecessary regulations on 
the process of hydraulic fracturing, which is essential 
CO the production of natural gas from shale. Finally, 
to ensure the continued growth of the U.S. energy 
sector, the industry and the government must 
maintain and even improve its high safety standards. 

Eliminate Renewable-Energy Subsidies 

For years, the production tax credit, the primary 
subsidy for wind-energy projects, has paid wind- 
ener^ generators for each kilowatt-hour of electricity 
they produce. That subsidy has been the primary 


-- California's Share of Global COj 

In 20t0, California's carbon dioxide emissions 
totaled 370 million tons.” At that level, the 
Golden State produces about 1 percent of global 
carbon dioxide emissions.” To put those figures 
into perspective, consider that since 1982, global 
carbon dioxide emissions have been increasing by 
an average of about 500 million tons per year.” 
The vast majority of those emissions increases are 
coming from Asia, which has been increasing its 
emissions by an average of about 390 million tons 
per year since 1982. Therefore, even if California 
could somehow reduce its carbon emissions to zero, 
that reduction would not even cover one year of 
the annual increases in carbon dioxide emissions 
that are now occurring in Asia. 
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driver of the expansion of wind energy in the United 
States. It has also been the culprit in the distortion 
of U.S. electricity markets, as it has led to asimation 
known as “negative pricing.” 

In some markets, in order to collect the subsidy, wind 
generators have actually been paying grid oper^ors 
to take the electricity they are generating so rfiat thqr 
can collect the tax credit, which, in 2013, was 2.3 
cents per kilowatt-hour. In some cases, the owners 
of wind-energy projects have been able to pay grid 
operators as much as $34 per megawatt-hour to take 
their electricity — and still make money.^ "When grid 
operators receive these payments, wholesale dectricity 
prices in some markets have dropped dramatically. 
As has happened in Europe, those price reductions 
have been particularly problematic for the companies 
that own nuclear reactors, which have relatively high 
fixed costs. 

In a 2012 study of the production tax credit, David 
Dismukes, associate director of the Center for Eneigy 
Studies at Louisiana State University, summarized 
the problem with the subsidy; it facilitates “market 
distortions in wholesale electricity markets, harming 
reliability by causing essential conventional 
generation, such as natural gas, to operate at times 
at a loss, or simply not operate at all.”^ In addition, 
the study — which Dismukes wrote for the American 
Energy Alliance, a conservative advocacy group — 
concluded that wind generation "has already led to 
billions in hidden costs for electricity consumers to 
cover the costs of interconnecting these intermittent, 
remotely-located resources, and providing backup 
generation when federally-subsidized wind resources 
fail to perform.”” 

On December 31, 2013, the production tax credit 
expired. But that doesn’t mean that the subsidies 
have stopped. Existing wind projects that began 
generating electricity while the subsidy vvas in effect 
will continue collecting the lucrative tax credit. 
(The subsidy usually lasts for the first ten years of a 
given project’s operation.)’®® And as those subsidies 
continue to be doled out, the wind industry’s 
preferred status will continue distorting the wholesale 
power market. 


Lobby groups like the American Wind Energy 
Association have been trying to get the tax credit 
extended.’®’ In 2012, after a lengthy battle, the 
wind-energy subsidy was extended for one year, at a 
cost to taxpayers of $12 billion.’®^ In late 2013, the 
congressional Joint Tax Committee estimated that 
another one-year extension would cost taxpayers 
an additional $6.1 billion.’” Policymakers should 
not renew the production tax credit. Wind energy 
is now a mature industry that doesn’t need more 
taxpayer handouts. 

Remove Excessive Restrictions on Coal- 
Fired Generators 

Although natural gas clearly has a number of 
advantages over coal, natural gas prices have 
historically been volatile. Therefore, there is a risk 
to the nation in relying too much on natural gas. 
Moreover, coal is the largest source of electricity for 
idiout half of all the states in the U.S.’” In 2013, 
coal provided more electricity than any other source, 
with about 39 percent of the domestic market.'®^ So 
the U.S. cannot and should not quit using coal to 
generate electricity. 

The U.S. has about 237 billion tons of coal reserves — 
about 28 percent of the world’s known deposits. That 
is more than 250 years of supply at current rates of 
production.’®® To say that the U.S. is the Saudi Arabia 
of coal b a serious understatement; the U.S. b the 
OPEC of coal. America’s coal resources contain 900 
billion barrels of oil equivalent.'®^ This is nearly as 
much as the 1 .2 trillion barrels of proven oil reserves 
held by OPEC.'®* 

Despite America’s abundance of coal, the U.S. 
Environmental Protection Agency (EPA) in 2013 
declared that it would prohibit the construction of 
new coal-fired power plants unless they could reduce 
their carbon dioxide emissions through the use of 
carbon capture and sequestration, a technology 
that has never been proved at commercial scale. 
Furthermore, the Obama administration is 
moving forward with new regulations including 
the Mercury and Air Toxics Standards rule and the 
Cross-State Air Pollution Rule, which could force 
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about 8 percent of all existing coai-fired power 
plants to close. 

Effectively outlawing the use of coal for power 
generation in the U.S. would be a serious mistake, 
particularly given that countries in Asia and Europe 
continue to build new coai-fircd power plants. In fact, 
global coal demand is growing f^ter than that for 
any other fuel. Between 2002 and 2012 — a period 
during which U.S. coal consumption fell by about 21 
percent — global coal consumption soared, growing 
by 26.5 million barrels of oil equivalent jwrday.The 
growth in coal demand nearly matches the global 
growth in consumption of oil, natural gas, nuclear, and 
wind energy combined over that time period.'*® And 
the International Energy Agency expects coal demand 
to continue rising. In December 2013, the J^ncy 
issued a report concluding that "coal demand knows 
only one direction: up.” By 2018, the agency projects 
that global demand will increase to some 92 million 
barrels of oil equivalent per day. " ' If that occurs, global 
coal use could exceed global oil demand. 

There is no need to eliminate coal to achieve 
lower carbon emissions and reduced pollution. 
The newest coal-fired power plants being built in 
the U.S. are far cleaner and more efficient than 
their older counterparts. Consider, for example, 
the 1 ,600-megawatt Prairie State Energy Campus, 
located in southern Illinois, which began operating 
in 2012. The plant, which cost about $5 billion, uses 
supercritical combustion technology to wring more 
electricity from the coal, and it produces about 0. 1 82 
pounds of sulfur dioxide and 0.07 pounds of nitrogen 
oxide per megawatt-hour."* At that level, the facility 
will easily comply with the EPA's Cross-State Air 
Pollution Rule, which limits power-plant emissions 
to 0.30 pounds of sulfur dioxide and 0.17 pounds 
of nitrogen oxide per megawatt-hour."’ 

Four decades ago, Congress made a serious mistake 
when it passed the Power Plant and Industrial Fuel 
Use Act, which effectively prohibited the building of 
new natural gas-fired power plants."^ Government 
should not repeat this error by banning any energy 
source — especially not a source that the U.S. has in 
superabundance, on which it has relied for more 


than a century. The U.S. needs coal-fired generation 
to maintain a diverse energy portfolio. To forgo the 
use of coal when global consumption of that fuel is 
growing so quickly would forgo a valuable resource 
at home while failing to have a significant impact on 
global caibon emissions (primarily because of rising 
coal use in Asia, Europe, and elsewhere). 

N2N 

Natural gas and nuclear energy have been key 
conoributors to the growth of the U.S. economy. Thq^ 
have also been essential elements in the reduction of 
Americas carbon dioxide emissions. In September 
2013, Max Luke, a policy analyst at the Breakthrough 
Institute, estimated that the combination of natural 
gas and nuclear energy has reduced America’s carbon 
dioxide emissions by about 54 billion cons over the 
last six decades. For comparison, Luke found that the 
wind, solar, and geothermal reduced emissions by just 
1.5 billion tons over that same period.'" 

N2N — natural gas to nuclear — provides the best “no 
regrets” energy policy because natural gas and nuclear 
provide significant environmental benefits with 
relaiivdy low economic costs. Natural gas and nuclear 
are lower-carbon than oil or coal. They emit almost 
zero air pollution. Better yet, both sources have high 
power densities, meaning that they generate large 
amounts of energy from relatively small footprints. 
And they can be scaled up to meet future demand. 

While natural gas consumption in the U.S. is rising 
rapidly (up by nearly 16 percent between 2005 and 
2012), the U.S. nuclear sector is struggling. Several 
factors, including the age of the reactor fleet, are 
contributing to the nuclear sector’s difficulties. But 
as we have described, one of the biggest problems for 
the owners of domestic nuclear reactors Is excessive 
subsidies provided to wind-energy generators. Those 
subsidies, by driving down the cost of wholesale elec- 
tricity, severely cut revenue for the owners of reactors. 

Since 2005, nuclear production in the U.S. has 
declined slightly. That decline is likely to continue 
over the next few years, as a number of reactors have 
recendybeen permanently shut down, including ones 
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af San Onofre in California, Kewaunee in Wisconsin, 
and Crystal River 3 in Florida. At the end of this 
year, another reactor, Vermont Yankee, will also be 
retired. Five new reactors are now under construction 
(in Georgia, South Carolina, and Tennessee), but 
four are unlikely to come online before 2018. And 
given ongoing reactor retirements, the new capacity 
coming online will likely serve only to keep U.S. 
nuclear energy production at, or near, current levek. 

To maintain a diverse energy portfolio, the U.S. should 
not abandon nuclear technology, where it has loi^ 
been a leader. (In lact, the U.S. has long been the 
world’s biggest producer of electricity from nuclear. 
In 2012, the U.S. produced about 810 terawatt-hours 
of electricity from nuclear, nearly twice the amount 
produced by France.)”'^ Policymakers should support 
ongoing research and development of small modular 
reactors as well as new, passively safe rector designs. 
Furthermore, if the U.S. is going to adopt policies 
aimed at reducing carbon dioxide emissions, it must 
encourage the deployment of nuclear enei^, which is 
the only zero-carbon source of reliable, 24/7 electricity. 

Keep PrimaiY Reeulaton^ Oversight of 
Drilling and Hyoraulic fracturing at the 
State Level 

Although the environmental and economic benefits 
of increased natural gas production and consumption 
are obvious, some "green” groups want to remove 
regulatory oversight of the drilling sector from the 
states and hand it to the EPA.'*® This would be a 
mistake. For decades, the states have done a good job 
of regulating the drilling sector. Moving that to the 
federal government could slow the growth of one of 
America’s most important seaors. 

Some groups are pushing an even more radical 
agenda: they want to ban hydraulic fracturing, the 
technology that drives much of the natural gas boom. 
Over the last few decades, hydraulic fracturing — a 
process that uses high-pressure pumps to inject water, 
sand, and small quantities of chemicals into oil-and- 
gas-rich rock in order to liberate those hydrocarbons 
and bring them to the surface — has been used 
safely on more than 1 million welk in the U.S.”^ 


L The U:S. Carbon Dioxide Advantage i 

!n May 2012, the international Energy Agency i 
reported that U.S. carbon dioxide emissions had : 
fallen by 92 million tons, or 1 ,7 percent, since 201 1 . ; 
"primarily due to ongoing switching from coal to i 
natural gas in power generation." The Paris-based i 
agency continued: "U.S. emissions have now fallen 
by 430 million tons (7.7 percent) since 2006, the i 
largest reduction of all countries or regions," The 
lEA credited the reduction to "a substantia! shift : 
from coal to gas in the power sector, ”117 In other : 
vwjrds, market forces in the U.S. (the flood of natural 
gas into the marketplace that was made possible by ; 
innovation in the oil and gas sector) have done more i 
to cut carbon dioxide emissions in America than ail i 
the government-mandated programs in Europe, 

Despite that long safety record, activists in New 
York have persuaded that state’s regulators to impose 
a moratorium on hydraulic fracturing. France, too, 
has banned hydraulic fracturing.'^® Greenpeace has 
launched an effort to ban the process in Britain.'^' 
An American environmental group, Food & Water 
Watch, says that it wants to implement a ban on the 
process in the U.S.'^^ Furthermore, MoveOn.org, a 
liberal aaivist group, has launched petition efforts to 
ban hydraulic fracturing on ail public lands. By late 
January, that petition had about 61,000 signatures.*^^ 
MoveOn.org has also launched efforts to ban the 
process in C^ifornia, Massachusetts, Florida, Illinois, 
Ohio, Colorado, and elsewhere.’^^ 

The hard reality is that the U.S. must continue 
drilling for oil and gas — and it muse continue using 
hydraulic fracturing — if it wants to keep energy 
cheap, abundant, and reliable. Any attempt to remove 
regulatory oversight from the states and give it to 
federal agencies would impose unnecessary costs. 
Policymakers should resist such proposals, and they 
should turn away efforts to ban hydraulic fracturing. 
The shale revolution was made possible by hydraulic 
fracturing. If it is banned, the U.S, could soon see 
natural gas prices that are as high, or higher, than 
what is now seen in Europe. 
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Remain Vigilant on Safety 

If the U.S. is to maintain its energy advantage over 
the rest of the world, American citizens must be 
assured that the energy sector is operating safely. 
Unfortunately, over the past year or so, a number of 
high-profile accidents involving pipelines and trains 
have occurred. In March 2013, a pipeline carrying 
heavy crude burst, spilling about 5,000 barrels of 
oil near the town of Mayflower, Arkansas. In July, a 
train carrying crude oil from North Dakota derailed 
in Lac-M^gantic, Quebec; the ensuing fire destroyed 
much of the town and killed more than 40 people. In 
December, another accident and fire involved a train 
carrying crude oih'^^tThc accident, which occurred 
near Casselton, North Dakota, did not result in any 
deaths but required the temporary evacuation of some 
2,000 local residents.’^® Major accidents in the oil and 
gas sector are rare. But like accidents in the airline 
industry — which are also very rare — they receive 
tremendous amounts of media attention. 

One way to reduce high-profile accidents on rail 
lines, of course, is to speed the permitting process 
for new pipelines, which are a far safer method of 


transportation. And while the spotlight is now clearly 
on the nansportation of energy, the industry also 
needs to be vigilant about safety — and continue to 
improve its safety protocols — in all its operations, 
from managing refineries and drilling rigs to proper 
training of its truck drivers. 

CONCLUSION 

To address the issues of carbon dioxide and climate 
diangc, the European Union in general and Germany 
in particular have rushed to impose mandates and 
Mibsidies for renewable energy upon the market. Those 
policies have resulted in dramatically higher energy 
costs. Meanwhile, thanks to ongoing innovation 
in the U.S. oil and gas sector and the profusion of 
natural gas that resulted from that innovation, the 
U.S. has reduced its carbon dioxide emissions more 
rapidly than the EU has, and it has done so at much 
lower cost. TTie lesson is clear; markets work, and they 
work best when governmental interventions are not 
excessive. U.S. policymakers must take a hard look 
at the experience of the EU and seek to avoid those 
same mistakes. 
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Senator Whitehouse. Thank you very much, Mr. Bryce. 

We have a few minutes, so I will try to he very brief. Let me first 
thank Christopher Brown for being here. Mr. Brown, you said in 
your testimony that there was room for improvement in the rela- 
tionship between your fishing community and the scientific commu- 
nity and improved data collection. Could you just briefly elaborate 
on that? 

Mr. Brown. Yes. The Magnusson Act has almost a reckless pur- 
suit of its desires. What we are attempting to achieve with it is just 
not possible. Dr. Sulowsky, as I stated, has done extensive stable 
isotope analyses and determined that it will be impossible to re- 
cover a number of stocks without first removing the ones that com- 
pete with them. 

The Magnusson Act is a wonderful document, but it is in need 
of supplement. It is in need of consideration of things that were be- 
yond its possibility to understand and define when it was estab- 
lished. 

Senator Whitehouse. And do you approve of initiatives like Cap- 
tain Rule’s effort with the Virginia Institute of Marine Science sci- 
entists to bring fishermen and scientists together in data collection 
and the experiment, I guess you would call it, the initiative that 
is underway with Dr. Parker in the University of Rhode Island 
joining with the Rhode Island Lobstermen’s Association? 

Mr. Brown. Yes, I approve of those actions wholeheartedly. 
Magnusson calls for a co-managed fishery. Co-management finds 
its roots in the co-authoring of science. Until we are co-authors of 
science, this industry is co-manager of nothing. 

Senator Whitehouse. Thank you very much. We very often talk 
about the Department of Fish and Wildlife, Division of Fish and 
Wildlife, but we end up usually talking more about the wildlife 
than the fish. So I am delighted that you are here. 

David, can you say a brief word about the public-private nature 
of the partnerships that the National Wildlife Refuge Association 
supports? 

Mr. Houghton. Yes, absolutely. A great example would be Ever- 
glades National Wildlife Refuge and Conservation Area. This was 
established last year and it is a partnership with ranchers. In fact, 
there are about a million acres of ranchers who would like to par- 
ticipate in the National Wildlife Refuge. 

So an area that is large and connected will allow endangered 
species like Florida black bear or Florida panther to move through- 
out the landscape as that landscape changes with changing cli- 
mate. But those are not the only critters that benefit. Ranchers 
that have been there for 500 years will have an upside. There is 
a military base in the middle of this. So our men and women of 
the military will be able to train as they see in combat, which has 
a big benefit to them. 

Last, the Everglades supplies the water supply for 6.5 million 
people. So we can bring climate change adaptation, and we can also 
help a 500 year old tradition of ranching, the military and water 
for 6.5 million people, all with conservation action of the Ever- 
glades headwaters. 

Senator Whitehouse. Thank you very much. 
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Before I turn to our ranking member to close out the hearing, I 
would like to submit for the record reports from the U.S. Global 
Climate Change Research Program, the National Climate Assess- 
ment, the National Academies and the Intergovernmental Panel on 
Climate Change, which all agree that human activities have al- 
tered the world’s climate. There is in fact clear scientific consensus 
among the scientific community that human-induced climate 
change is a reality. 

I would also like to submit a 2010 report entitled A Human 
Health Perspective on Climate Change for the record. These same 
reports note the negative effects of climate change on human 
health and the economy through rising sea levels, coastal flooding, 
increased frequency of drought and negative health effects. 

I would also like to submit for the record a National Wildlife 
Federation study that details the detrimental effects of carbon pol- 
lution on our wildlife, like mercury emissions from electric power 
plants, which affect wildlife and fish. I would also like to submit 
a Fish and Wildlife Service fact sheet on migratory bird mortality 
and a Sibley Guides article which states that as many as 976 mil- 
lion bird deaths a year are attributable to collisions with windows, 
72 million bird deaths are estimated as a result from pesticides, 
and at least 39 million bird deaths are from domestic feral cats, 15 
million birds a year are killed in North American in the carefully 
managed annual waterfowl hunt, and the greatest threat to all 
birds continues to be loss or degradation of habitat due to human 
development and disturbance. 

[The referenced information follows:] 
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Mercury Pollution from Coal-fired 
Power Plants 

A Dangerous Threat to People and Wildlife 


Mercury pollution is a serious problem across the nation. Every state in America has issued health 
advisories vwarning people to limit or avoid eating certain species of fish due to toxic mercury 
contamination, many of which cover every waterbody in the state. Coal-fired power plants are by far 
the largest source of mercury pollution in America, placing our public health and wildlife at grave risk. 
The Environmental Protection /^ency (EPA) is poised to take action to reduce this dangerous threat to 
current and future generations of people and wildlife. Recent attempts by Congress to prevent EPA 
from doing its job are misguided and prevent the use of modern technologies readily available to 
reduce mercury pollution from power plants and other sources. 


Why is Mercury a Problem? 

Mercury is a highly potent neurotoxin that adversely affects the function and development of the 
central nervous system In both people and wildlife. Exposure to mercury Is particularly dangerous 
for pregnant and breastfeeding women, as well as children, since mercury is most harmful in the 
early stages of development. 


in the U.S., 1 in 6 women of childbearing age (15-44) has blood mercury levels that exceed those 
considered safe by the EPA for a developing baby. This amounts to approximately 630,000 babies 
born every year at risk of developmental problems because of prenatal mercury exposure.^ 
According to the Center for Disease Control, health effects linked to prenatal and childhood 
methylmercury exposure include problems with language, memory, attention, visual skills, and 
lower IQs.^ 


Contact: 


As a result of these risks, the Food and Drug 
Administration (FDA) advises small children and women 
who are pregnant not to eat shark, swordfish, king 
mackerel, or tilefish because these fish are highly 
contaminated with mercury, and to eat at most two 
meals a week of popular seafood containing lower 
levels of mercury such as shrimp, canned light tuna, 
salmon, pollock, and catfish.^ Additionally, state health 
departments issue separate warnings for recreationally 
caught fish (see Table 2). Since 2006, the number of fish 
consumption advisories resulting from mercury 
contamination has increased from 3,080 to 3,361 in 
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Mercury exposure is not only a risk for people; it is a significant threat to our wildlife as well. While 
humans can control their mercury intake, wildlife cannot choose to specifically avoid eating mercury 
contaminated prey. It is not only fish-eating wildlife that are at risk - high levels of mercury have 
been found in far more species, and in far more habitats, than previously thought. 
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Scientists have found alarming levels of mercury accumulation in a wide range of wildlife species, 
including birds, mammals, reptiles, and amphibians in both fresh and saltwater ecosystems.^ 


There are multiple and varied health impacts associated with high mercury levels in different wildlife species, 
but the primary consequence is increased vulnerability due to reproductive and neurological problems (which 
can lead to behavioral abnormalities). For example, fish have difficulty schooling and decreased spawning 
success: birds lay fewer eggs and have trouble caring for their chicks; and mammals have impaired motor skills 
that affect their ability to hunt and find food.® In addition, some evidence indicates that elevated mercury levels 
can adversely affect species' immune systems. All these effects combine to create a severe threat to wildlife 
survival. 


Where Does Mercury Come From? 

Mercury is a naturally occurring, toxic heavy metal. However, human activity has significantly increased mercury 
levels in the environment over the past several centuries. Once emitted to the air, mercury falls to the earth and 
builds up in our waters and soils where it is transformed into methylmercury - a highly toxic form that 
accumulates in the tissues of wildlife and people. Mercury increases in concentration with each step up the 
food chain. As a result, large predator fish such as walleye and trout can have mercury levels over one million 
times that of the surrounding water, in turn, people and wildlife who consume fish or other species with high 
mercury levels are at risk of serious health problems. 

Coal-fired power plants are the single largest source of mercury contamination in the U.S-, responsible for 
approximately 50% of human-caused mercury emissions. ’ Other sources include waste incinerators that burn 
mercury-containing products and chlorine manufacturers. However, unlike these sources, power plants are not 
currently required to limit their mercury pollution. As a result, significant amounts of mercury pollution are 
released into the air every year from America's approximately 600 coal-fired plants.® Mercury emissions 
primarily fail locally, so these plants are major contributors to local contamination problems and "hotspots",® 
Additionally, some mercury emissions also stay in the atmosphere and travel longer distances, resulting in 
mercury contamination hundreds or even thousands of miles away.^® 

Mercury Impacts on Fish 

Mercury pollution not only threatens our public health 
and wildlife, it also adversely impacts one of our most 
treasured pastimes - recreational fishing. In most states 
In America, it is no longer safe to take our families 
fishing and cook up the catch of the day. 

Sport fishing is not just a recreational pastime. It is also 
a major contributor to our local and national economy. 

In fact, as Table 1 indicates, in 2006, the over 38 million 
people who fished in the U.S. generated nearly $40 
billion in revenue. 
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What Can Be Done? 


Given the severe threats to public health and wildlife from mercury exposure, emissions from coal-fired power 
plants should not remain uncontrolled when mercury pollution control technology is readily available. 
Fortunately, ERA is finally in the process of developing standards under the Clean Air Act to limit emissions of 
toxic mercury from power plants. It is crucial that the ERA enforce the taw and fulfill its obligation to protect 
public health from this dangerous pollutant. 

ERA needs to hear from you! Contact NWF for more information about how you can help ensure that ERA 
moves forward and sets stringent standards to protect public health and wildlife from preventable mercury 
pollution. 

Contact your Federal Legislators! ERA'S long overdue efforts to reduce mercury emissions from coal plants 
must go forward. However, big polluters and their Washington lobbyists are putting the pressure on Congress 
to prevent ERA from reducing toxic mercury pollution. Congress must not block these critical public health and 
wildlife safeguards, so please let your Senators and Representatives know that you support ERA'S efforts to cut 
mercury pollution. 


For more information and what you can do to get involved, 
visit www.nwf.org/cleanairact 
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Energy Sources within Plant 2001-2009, http://www.eia.doe.gQv/cneaf/electricitv/epa/epat5pl.htmi 
^ Mercury Matters: Unking Mercury Science with Public Policy in the Northeastern United States, 2007. Hubbard 
Brook Research Foundation. http://www.hubbardbrQokfoundation.org/mediainfQ/ 

Kuiken, T, and F. Stadler. 2003. Cycle of Harm: Mercury's Pathway from Rain to Fish in the Environment. National 
Wildlife Federation. http://opentibrarv.org/books/Ol3319165M/Cvcie of harm 
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Tabic I ; Number of Anglers and I ota! Expenditures for 
Fishing b\ State (20061 


state 

.....Total 

vitawlen 

Resident 

Nonresident 

HBBW 

Alabama 

866,000 

656,000 

210,000 

BBB^^^^^ 

PfflBBBI 


■HEESB 

BB^SII 


PBHHij 

— 1 

BB^^E 

BHBESBI 


Aiicansas 

655,000 

430,000 

225.000 


BBBHi 


hhbbSB 

^BE9S9 



»1,000 

490,000 




BASES' 


BBI^^SI 



SBES^i 

73.000 

72,000 




^^BSEBi 

BBf^^^S 


giHlIBi 

jMHUlMSl 


HBBISI 

$1^411,000 



^BilfflSS 

BBBSfl: 


Idaho 

350.000 , 

. 206.000 

, 144,000 

$282,972,000 

Illinois 

824,000 

757,000 

67,000 


Indiana 

720.000 

624.000 . 

96,000 

$627467.000 

Iowa 

437,000 

397.000 

40,000 

$322,648,000 

Kansas 

404,000 

319,000 

85.000 

$242,444,000 

I95SBH 

OBSESS 

Bjil^^S 

HBSESI 



mUHifB 

BBBII5S 

BBBES9 

$1,006,136,000 

IB9HH 

BBBEEB 

ms[^i 

^H9ES9 




BBE3E5S 

IIHSSI 

BBBI^^^SI 

R^BESESSI 


bbeb^s 


BBBflE@l^^9 



BBESEBSI 

Hi^SSI 

$1,671,114,000 

RSBSsmiii 


bbeebb 





BBESSSB 


$240,332,000 


BBI^^SI 

BBBBE9 





BBE^SI 

BBESESB 

BBH^95S!9 




^BBB959 


IS5SIHHHI 

BHSESSI 

H^5S9 

BBBSESI 

$144,634,000 



EBBSESB 

Bli^R9 

BBBBBSBiE^fl 

BBSSflHI 

|B^S 


BBBESI 




iBB^^9 

84.000 


ISSEiSHH 

MSSSi 

.BBlBSI 

.BBEBI 

$925,701,000 

! North Carolina 

1.403.000 

993.000 

410.000 

BBBB^^SBB 






ISSIHHH 

BES^i 

bbebsb 


^IBBEBSBSS 




86.000 

SSOl.786.000 

Oregon 

642,000 

529,000 

113.000 

^■ESSESS 


BHfflSB 

BBE969 

143J)00 



BBBE9 



BBBBSESSI^l 

EBSBSliS 


BBBB59 

313,000 

$1XW,U3.000 

South Dakota 

134.000 

89,000 

45.000 

HHES^SESB 

Tanneatee ' 

872,000. 

6S8.00Q 

214.000 


Texas 


hbeehi 

IBBBESI 

fl^^B59EEES9 

Utah 

375,000 

. 288.000 

87.000 

BBBE5S^9 

Vermont 

114.000 

64,000 

50.000 


Virginia 

574,000 

743,000 

231.000 

$733,777X100 

Washington 

823.000 

725,000 

98.(»0 

$904,796,000 

WestVtrsIna 

377,000 

231,000 

86,000 

HBBC55B9 

Wisconsin 

1.490,000 

1,094,000 

396.000 


Wyoming, 

703,000 

96.000 

107,000 

$521/479X100 

U-S. Total 

38,557,000 

30.510,000 

8.047,000 

$39,993,537,000 


Source: 2006 National Survey of Fishing, Hunting, and Wildlife- 
Associated Recreation. U.S. Fish and Wildlife Service. 
http://www.census.gOv/prod/2008pubs/fhw06-nat.pdf 


Table 2: Mercurv Fisli C onsumption Ad\isories 
in State (2011 1 


State 

Number of 
Advisories. 

Statewide advisory infwtnUlm 

Ai^>»na 

60 

statewide coastal advisory 


g 

statewide coastal advisorv 

Arizona 

12 


iMiaisas 

19 


California 

56 


miPflEHH 

• 21 


Connecticut 

11 

statewide freshwater advisory 


7 

statewide coastal advisorv 

IlSE^^^^B 

0 


IlSSBHH 

328 

sutewide freshwater advisory . 


129 


HamM 

1 

statewide coastal adviwry . . 

Mahn 

21 

statewide freshwater advisory 

iBSBl^Hi 

26 

sutewide freshwater advisory . 

Indiana 

64 

statewide freshwater advisory 

BS^^HB 

9 


ElBEBBi 

2 


^^BBBBi 




48 



1 

statewide freshwater advisorv 

Maryland 

52 

statewide ireshwater advisorv 


125 

sutewide freshwiter adviswv 


120 

statewide freshwater advisorv 

flffiSSBBBI 

1,039 

sutewide fre^ater advisory 


10 

statewide coastal advisorv 

j^^QBBBi 

3 

sutewide freshwater edtdsetv . 

Montana 

48 

statewide freshwater advisorv 


BBBE9 

BBBBIHBBBBBBBBBBl 

ESS9BHB 

■■■■ 

BBBBBBBHBBBBBBI 


8 

suttwidefreshweteradvisorv ' 

KSESS^^^^B 

96 

statewide freshwater advisory 


25 


BBI^9BflBi 

92 

BEBBBBBBBBBBBBB' 

ESSE^^SH 

■■■■■■■■■■■■■■..3/ 


^SiESBBB 

4 

statewide freshwater advisorv 

E!9H^HI 

113 

sutewide freshwater adWaorv 

^^^9BBi 

16 

statewide freshwater advisorv 

^99BBBfl 

13 

autewlda freshwater edvlaorv 


IBflH9 


ESS99BH 


sutewide freshwater edvisorv . . 


■■■Bl 


linilPilVH 

10 




BBBBBEBHBBBBBBi 

^SBBBBI 

ehi^i 

llBRSSRSiBBBBBBHI 

BSSBBBBI 

IBBiHi 


BSSBBHI 

9 

statewide ^shwater edvisw 


27 

I9999EIBIBII9EEHB 


11 

. ttatewide.freshwBUr advisorv 


13 

statewide freshwater advisorv 


89 

sutewide freshwater advisorv 

1 Wyoming 

4 

statewide freshwater advisorv 


Source: US ERA , Fish Advisories 

http://water.eDa.eoy/scltech/swguidance/fish5hellfish/fi5hadvi5ories/advisQries 

index.cfm 


For information specific to your area check your state agency's 
listing offish advisories. 
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A. Introduction 


The Working Group I contribution to the IPCC's Fifth Assessment Report (AR5} considers new evidence of climate change 
based on many independent scientific analyses from observations of die climate system, paleoclimate archives, theoretical 
studies of climate processes and simulaticms using climate models. It builds upon the Working Group I contribution to the 
IPCC's Fourth Assessment Report (AR4), and incorporates subsequent new findings of research. As a component of the 
fifth assessment cycle, the tPCC Special Report Managing the Risks of Extreme Events and Disasters to Advance Climate 
Change Adaptation (SREX) is an important basis for information on changing weather and climate extremes. 

This Summary for Policymakers (SPM) follows the structure of the Working Group i report. The narrative is supported by a 
series of overarching highlighted conclusions which, taken together, provide a concise summary. Main sections are introduced 
with a brief paragraph in italics which outlines the metiKKiological basis of the assessment. 

The degree of certainty in key findings in this assessment is based on the author teams' evaluations of underlying scientific 
understanding and is expressed as a qualitative level of confidence {from very low to very high) and, when possible, 
probabilistically with a quantified likelihood (from exceptionally unlikely to virtually certain). Confidence in the validity of 
a finding is based on the type, amount, quality, and consistency of evidence (e.g., data, mechanistic understanding, theory, 
models, expert judgment) and the degree of agreement’. Probabilistic estimates of quantified measures of uncertainty in a 
finding are based on statistical analysis of observations or model results, or both, and expert judgment. Where appropriate, 
findings are also formulated as statements of fact without using uncertainty qualifiers. {See Chapter 1 and Box TS.1 for more 
details about the specific language the IPCC uses to communicate uncertainty). 

The basis for substantive paragraphs in this Summary for Policymakers can be found in the chapter sections of the underlying 
report and in the Technical Summary. These references are given in curly brackets. 


B. Observed Changes in the Climate System 

Observations of the climate system are based on direct measurements and remote sensing from satellites and other platforms. 
Global-scale observations from the instrumental era began in the mid- 19th century for temperature and other variables, with 
more comprehensive and diverse sets of observations available for the period 1950 onwards. Paleoclimate reconstructions 
extend some records back hundreds to millions of years. Together, they provide a comprehensive view of the variability and 
long-term changes in the atmosphere, the ocean, the cryosphere, and the land surface. 


Warming of the climate system is unequivocal, and since the 1950s, many of the observed 
changes are unprecedented over decades to mitlennia. The atmosphere and ocean have 
warmed, the amounts of snow and ice have diminished, sea levei has risen, and the 
concentrations of greenhouse gases have increased (see Figures SPM.1, SPM.2, SPM.3 arid 
SPM.4). i 2 , 2 . 2.4, 3.2, 3.7, 4.2-4.7;s.2, 5.3, 5.s-s.fi,:6i, 13.2) 


In this Suf')(T?ary fot Poiicyi«akers. the folkwii^ summar/ ferms are used to describe the avaBable ewidence: iimifed. medium, or robust; and for the degree of agreement: 
fow, (Tirdium. or high., Aievel of confidence is ©pressed using five qu^ifiers: very low, fow. Riediuni, higli, and very liigh, and typeset in italics, e.g., medim confidence. 
Per a given evidence i'-d agreemem statement, different confidence levels can be assigrwd. but increasing levels of evidence and deg'ees oi agreetiient a^-e corielated wis;> 
increasing confidence (see Chapter 1 amrBoxTS.l for more delaiis}. 

In this Summary' for Poftcymaiiers, the following terms have been used to intficate the assessed likeNhcod of an outcome or a tesuit: virtually certain 99-100% probability, 
very hkely 90-1 00%, likely 66-100%, about as likely as not 33-66%. unRkely 0-33%, very unlikely 0-10%. esceptronailyurshkely 0-1%. Additional terms {extremely likely: 
95-100%, more likely than not >50-100%. and extremely wilikeiy 0-5%} may also be used w+ien appropriate. Assessed iikeirhood is typeset in italics, eg., very likely [see 
Chapter 1 and Box fS 1 for mote details)- 
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B.1 Atmosphere 

Each of the last three decades has been succ^sivelyv#aft«^r: at the Earth's than any 

preceding decade since 18S0 (see Figure SPM.t). tn the Northern Hemisphere, 1983-2012 
was fikely the warmest 30-year period of the last 1400 years {medium confidence), ti.4, s,3> 


• The globally averaged combined land and ocean surface temperafere data as calculated by a linear trend, show a 
warming of 0.85 |0.65 to 1 .06| °C^ over the period 1880 to 2012, wrfien multifJe independently produced datasets exist. 
The total increase between the average of the 1850-1900 period and die 2003-2012 period is 0.78 [0.72 to 0.851 °C, 
based on the single longest dataset available'* {see Figure SPM.1). {2.4} 

• For the longest period when calculation of regional dends is suffidendy complete (1 901 to 201 2), almost the entire globe 
has experienced surface warming (see Figure SPM.1). {2.4} 

• In addition to robust multi-decadal warming, global mean surface temperature exhibits substantial decadal and 
interannuai variability (see Figure SPM.1 ). Due to natural variability, trends based on short records are very sensitive to 
the beginning and end dates and do not in general reflect long-term climate trends. As one example, the rate of warming 
over the past 15 years (1998-2012; 0.05 [-0.05 to 0.15j °C per decade), wdiich begins with a strong E! Nino, is smaller 
than the rate calculated since 1951 (1951-2012;0.12 [0.08 to 0.14] °C per decade^. {2.4} 

• Continental-scale surface temperature reconstructions show, with high confidence, multi-decadal periods during 
the Medieval Climate Anomaly (year 950 to 1250) that were in some regions as warm as in the late 20th century. 
These regional warm periods did not occur as coherently across regions as the warming in the late 20th century {high 
confidence). {5.5} 

• it is virtually certain that globally the troposphere has warmed since the mid-20th century. More complete observations 
allow greater confidence in estimates of tropospheric temperature changes in the extratropicai Northern Hemisphere 
than elsewhere. TTiere is medium confidence in the rate of warming and its vertical structure in the Northern Hemisphere 
extra-tropical troposphere and low confidence elsewhere. (2.4) 

• Confidence in precipitation change averaged over global land areas since 1901 is low prior to 1951 and medium 
afterwards. Averaged over the mid-latitude land areas of the Northern Hemisphere, precipitation has increased since 
1 901 {medium confidence before and high confidence after 1951 ). For other latitudes area-averaged long-term positive 
or negative trends have low confidence (see Figure SPM.2). {TSTFE.1, Figure 2; 2.5} 

• Changes in many extreme weather and climate events have been observed since about 1950 (see Table SPM.1 for 
details). It Is very likely that the number of cold days and nights has decreased and the number of warm days and nights 
has increased on the global scale®, ft is likely that the frequency of heat waves has increased in large parts of Europe, 
Asia and Australia. There are likely more land regions where the number of heavy precipitation events has increased than 
where it has decreased.The frequency or intensity of heavy precipitation events hd% likely increased in North America and 
Europe. In other continents, confidence in changes in heavy precipitation events is at most medium. {2.6} 


’ in the WGf conttibiiiion to the AR5, unceftainiy is quantified using 90% uncertainty inteiv^s unisss otttwwise «3ted. The 90% uncertainty interval reported in square 
brackets, is expected to have a 90% likelihood of covering (he value (hat is being estimated. Uncertainty intervals are not rKKessariiy symmetric about the corresponding 
best estimate. A best estimate of that value is also given where available. 

’ Both methods presented m this bullet were also used in AR4. The first c^culates the ddference using a best fit fineartrend of ail points between 1880 and 20 12,The second 
calculates the difference between averages for the two periods 1850-1900 and 2003-2012. Therefore, the resulting values and their 90% uncertainty intervals are t) 0 ( 
directly comparable. 12.4) 

5 Trends for 15-year periods starting in 1995, 1996, and 1997 are 0.13 (0.02 to 0.24} "C per decade, 0.14 (0.03 to 0.24} ®C per decade, and. 0.07 1-0.02 to 0,18} “C per 
decade, respectively. 

‘ See the Glossary for the definition of these terms: cold days/c<4d nights, woti days/wam nighty heat waves. 
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Observed globally averaged combined land and ocean 
(s) surface temperature anomaly 1850-2012 



(b) Observed change in surface temperature 1901-2012 



-0,6 -0.4 -0.2 0 0.2 0,4 0,6 0.8 1.0 1.25 1.5 1.75 2.5 


(“C) 

Figure SPM.I j (a) Observed global mean ccHnbined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel; decadai mean values indirimg the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
ol 1961-1990. (b) Mapo! the observed surface temperature change from 1^1 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in pane) a). Trends have been calculated where data availability permits a robust estimate (i.e„ only for grid boxes with 
greater than 70% complete records and mote than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Suppiementary Maieriat. {Figures 2.19-2.21; Figure TS.2} 



rtme weather aiw climate e«nis: Global-scale assessniaii of recent observed charges, human conWlnjtion to the changes, and jxojecied further changes for the eariy (2016-20^5) and late (2081-2100) 
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Observed change in annual precipitation over land 
1^1-2010 1951-2010 



Figure SPM.2 j Maps of observed precipitation change from 1901 to 2010 and from 1951 to 2010 (trends in annua! accumulation calculated using the 
same criteria as in Figure SPM.l) from one data set. Few further technical details see the Technical Summary Supplementary Material. {ISTFE.l, Figure 2; 
Figure 2.29j 


B.2 Ocean 


Ocean warming dominates the increase in energy stored in the climate system, accounting 
for more than 90% of the energy accumulated between 1971 and 2010 {high confidence). 
It is virtually certain that the upper ocean (0-700 m) warmed from 1971 to 2010 {see Figure 
SPM.3), and it likely warmed between the 1870s and 1971. { 3 , 2 , Box 3, 15 


• On a global scale, the ocean warming is largest near the surface, and the upper 75 m warmed by 0,11 [0.09 to 0.13] °C 
per decade over the period 1971 to 2010. Since AR4, instrumental biases in upper-ocean temperature records have been 
identified and reduced, enhancing confidence in the assessment of change. {3.2} 

• It is likely that the ocean warmed between 700 and 2000 m from 1957 to 2009. Sufficient observations are available for 
the period 1 992 to 2005 for a global assessment of temperature change below 2000 m. There were likely no significant 
observed temperature trends between 2000 and 3000 m for this period, it is likely that the ocean warmed from 3000 m 
to the bottom for this period, with the largest warming observed in the Southern Ocean. {3.2} 

• More than 60% of the net energy increase in the climate system is stored in the upper ocean (0-700 m) during the 
relatively well-sampled 40-year period from 1971 to 2010, and about 30% is stored in the ocean below 700 m. The 
increase in upper ocean heat content during this time period estimated from a linear trend is likely 17 [15 to 19] x 
1022 J ^ (see Figure SPM.3). {3.2, Box 3.1} 

• It is about as likely as not that ocean heat content from 0-700 m increased more slowly during 2003 to 201 0 than during 
1993 to 2002 (see Figure SPM.3). Ocean heat uptake from 700-2000 m, where interannuai variability is smaller, likely 
continued unabated from 1 993 to 2009. (3.2, Box 9.2} 

• It is very likely that regions of high salinity where evaporation dominates have become more saline, while regions of 
iow salinity where precipitation dominates have become fresher since the 1 950s. These regional trends in ocean salinity 
provide indirect evidence that evaporation and precipitation over the oceans have changed {medium confidence). (2.5, 
3.3, 3.5} 

• There is no observational evidence of a trend in the Atlantic Meridional Overturning Circulation (AMOC), based on the 
decade-long record of the complete AMOC and longer records of individual AMOC components. {3.6} 


ocean surface at the rale of 1 W rr^ for 1 year would mcrease the ocean heal content by 1.1 x 10^^ J. 


constant supply of heat through the ' 
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B.3 Cryosphere 


Over the last two decades, the Greenland and Antarctic ice sheets have been losinci mass, 
glaciers have continued to shrink almost v^rldWider- and Arctic sea ke and ISiorthern 
Hemisphere spring snow cover have continued to decrease in extent {high confidence) (see 
Figure SPM.3). {4.2-4.7> 

• The average rate of ice loss® from glaciers around the worid, exdudlng glaciers on die periphery of the ice sheets®, was 
very likely 226 [91 to 361 j Gtyr-’ over the period 1971 to 2009, and very //fce/y 275 [140 to 410] Gtyr' over the period 
1993 to 2009’®. {4.3} 

• The average rate of ice loss from the Greenland ice sheet has very likefy substantially increased from 34 [-6 to 74) Gt yr’ 
over the period 1 992 to 2001 to 21 5 [1 57 to 274] Gt yr’ over die period 2002 to 201 1 , (4.4} 

• The average rate of ice loss from the Antarctic ice sheet has likefy inaeased from 30 [-37 to 97] Gt yr' over the period 
1992-2001 to 147 [72 to 221] Gtyr’ over the period 2002 to 2011. There is very high conf/tfence that these losses are 
mainly from the northern Antarctic Peninsula and the/knundsen Sea sector of West Antarctica. {4.4} 

• ITie annua! mean Arctic sea ice extent decreased over the period 1 979 to 201 2 with a rate that was very likely in the 
range 3.5 to 4.1 % per decade (range of 0.45 to 0.51 million km^ per decade), and very likely in the range 9.4 to 1 3.6% 
per decade (range of 0.73 to 1.07 million km^ per decade) for the summer sea ice minimum (perennial sea ice). The 
average decrease in decadal mean extent of Arcdc sea ice has been most rapid in summer (high confidence)] the spatial 
extent has decreased in every season, and in every successive decade since 1979 (high confidence) (see Figure SPM.3). 
There is medium confidence from reconstructions that over the past three decades, Arctic summer sea ice retreat was 
unprecedented and sea surface temperatures were anomalously high in at least the last 1,450 years. (4,2, 5.5} 

• It Is very likefy that the annua! mean Antarctic sea ke extent increased at a rate in the range of 1 .2 to 1 .8% per decade 
(range of 0.13 to 0,20 million km^ per decade) between 1979 and 2012. There is high confidence that there are strong 
regional differences in this annual rate, with extent increasing in some regions and decreasing in others. {4.2} 

• There is very high confidence that the extent of Northern Hemisphere snow cover has decreased since the mid-20th 
century (see Figure SPM.3). Northern Hemisphere snow cover extent decreased 1 .6 (0.8 to 2.4) % per decade for March 
and April, and 11.7 [8.8 to 14.6] % per decade for June, over the 1967 to 2012 period. During this period, snow cover 
extent in the Northern Hemisphere did not show a statistically significant increase in any month. (4.5) 

• There is high confidence that permafrost temperatures have increased in most regions since the early 1980s. Observed 
warming was up to 3X In parts of Northern Alaska (early 1980s to mid-2000s) and up to 2°C in parts of the Russian 
European North (1971 to 2010). In the latter region, a considerable reduction in permafrost thickness and areal extent 
has been observed over the period 1 975 to 2005 (medium confidence). {4.7} 

• Multiple lines of evidence support very substantial Arctic warming since the mid-20th century. {Box 5.1, 10.3} 


All references to 'ice loss' or 'mass loss' refer to net ke loss, i.e., actumulstiffli minus mdt sod icdsetg cafvBjg. 

For methodologica! reasons, this assessment of ice loss from the Antarctic »)dOfeeriandiceshe«s inUudescijatK^ in the glaciers on the parifrfiery. These peripheral glaciers 
are thus excluded from the values given for glaciers. 

100 Gt yr"' of ice loss is equivalent to about 0,28 mm yr' of giobat mean sea levs! rise. 
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(a) Northern Hemisphere spring snow cover 



Year 


(b) Arctic summer sea ice extent 



(c) Change in global average upper ocean heat content 



Year 


(d) Global average sea level Change 



Year 


Figure SPM.3 ( Multiple observed indicators of a changing global dimafe: (a) Extent of Northern Hemisphere March-April (spring) average snow cover; (b) 
extern of Arctic Juiy-August-Septembet (summer) average sea ice; (c) change in global mean upper ocean (0-700 m) heat content aligned to 2006-2010, 
and relative to the mean oi all datasets for 1970; (d) global mean sea lew! relative to the 1900-1905 mean of the longest running dataset, and with all 
ciaiaseis aligned to have the same value in 1993, the first year of satellite altirrffitry data. All time-series (coloured lines indicating different data sets) show 
annual values, and where assessed, oncertainhes are indicated by coicarred shading. See Technical Summary Supplementary Material for a listing of the 
datasets. {Figures 3.2, 3.13, 4.19, and 4,3; FAQ 2,1, Fi^re 2; Figure TS.1j 
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B.4 Sea Levef 

The rate of sea levef rise since the mjd-19th century has been larger than the mean rate 
during the previous two millennia (high xonffden<^^ Over the period 1901 to 2010, global 
mean sea level rose by 0.19 [0.17 to 0.21J m {see figure SPM,3>, ©.7, s.€. 13,21 


• Proxy and instrumental sea level data Indicate a transition m the late 19th to the early 20th century from relatively low 
mean rates of rise over the previous two millennia to higher rates of rise (high confidence). It is likely that the rate of 
global mean sea level rise has continued to increase since Oie early 20tii century. [3.7, 5.6, 1 3.2} 

• It is ve/y //My that the mean rate of global averaged sea level rise was 1.7 [I.Sto 1.9j mm yr' between 1901 and 2010, 
2.0 [1.7 to 2.3] mmyr' between 1971 and 2010, and 3.2 [2.8 to 3.6] mmyr' between 1993 and 2010. Tide-gauge and 
satellite altimeter data are consistent regarding the higher rate of the latter period, it Is likely that similarly high rates 
occurred between 1920 and 1950. {3.7} 

• Since the early 1 970s, glacier mass loss and ocean thermal expansion from warming together explain about 75% of the 
observed global mean sea level rise {high confidence). Over the period 1993 to 2010, global mean sea level rise is, with 
high confidence, consistent with the sum of the observed con&ibutions from ocean thermal expansion due to warming 
{1.1 [0.8 to 1.4] mm yr'), from changes in glaciers (0.76 (0.39 to 1.13} mmyr’), Greenland ice sheet (0.33 [0.25 to 0.41] 
mmyr'), Antarctic ice sheet (0.27 [0.16 to 0.38) mmyr'), and land water storage (0.38 [0.26 to 0.49] mm yr').The sum 
of these contributions is 2,8 [2.3 to 3.4] mm yr'. {1 3.3} 

• There Is very high confidence tf\at maximum global mean sea level during the last interglacial period (1 29,000 to 11 6,000 
years ago) was, for several thousand years, at least 5 m higher than present, and high confidence that it did not exceed 
1 0 m above present. During the last interglacial period, the Greenland ice sheet very likely contributed between 1 .4 and 
4.3 m to the higher global mean sea level, implying with medium confidence an additional contribution from the Antarctic 
Ice sheet This change in sea level occurred in the context of different orbital forcing and with high-latitude surface 
temperature, averaged over several thousand years, at least 2^0 warmer than present (high confidence). (5.3, 5,6} 


B.5 Carbon and Other Biogeochemical Cycles 


The atmospheric concentrations of carbon dioxide, methane, and nitrous oxide have 
increased to levels unprecedented in at least the last 800,000 years. Carbon dioxide 
concentrations have Increased by 40% since pre-industriai times, primarily from fossil fuel 
emissions and secondarily from net land use change emissions. The ocean has absorbed 
about 30% of the emitted anthropogenic carbon dioxide, causing ocean acidification {see 
Figure SPlVI.4)i (2.2, 3,8. 5.2. 6.2, 6.3) , , 


• Hie atmospheric concentrations of the greenhouse gases carbon dioxide (COj), metiiane (CH 4 ), and nitrous oxide (NjO) 
have all increased since 1750 due to human activity. In 2011 the concen&ations of these greenhouse gases were 391 
ppm”, 1 803 ppb, and 324 ppb, and exceeded the pre-industrial levels by about 40%. 1 50%, and 20%, respectively. {2.2, 

5.2, 6.1, 6.2) 

• Concentrations of COj, CH 4 , and NjO now substantially exceed the highest concentrations recorded in ice cores during 
the past 800,000 years. The mean rates of increase in atmospheric concentrations over the past century are, with very 
high confidence, unprecedented in the last 22,000 years. {5.2, 6.1, 6.2} 


ppm(ps(ts pet million) ot ppb (parts per billion, 1 billion = 1,000 miliion) is the ratio of the mmibef of gas mofecules to the total number of molecules of dry ait. for etsample, 
300 ppm means 300 molecules of 3 gas pet million mc^ccules (rf dry air. 
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• Annual CO 2 emissions from fossil fuel combustion and cement production were 8.3 [7.6 to 9.0) GtC” yr’ averaged over 
2002-2011 (high confidence) and were 9.5 [8.7 to 10.3] GtC yr' in 2011, 54% above the 1990 level. Annual net CO 2 
emissions from anthropogenic land use charrge were 0.9 {0.1 to 1.7] GtC yr' on average during 2002 to 201 1 {medium 
confidence). {6.3} 

• From 1 750 to 201 1 , CO 2 emissions from fossil fuel combustion and cement production have released 375 [345 to 405j 
GtC to the atmosphere, while deforestation and oth«’ land use change are estimated to have released 1 80 [1 00 to 260] 
GtC. This results in cumulative anthropogenic emissions of 555 (470 to 640] GtC. {6.3} 

• Of these cumulative anthropogenic CO 2 emissions, 240 [230 to 250] GtC have accumulated in the atmosphere, 155 [125 
to 1 85] GtC have been taken up by the ocean and 160 (70 to 250] GtC have accumulated in natural terrestrial ecosystems 
(i.e., the cumulative residual land sink). {Figure TS.4, 3.8, 6.3} 

• Ocean acidification is quantified by decreases in pH’^. The pH of ocean surface water has decreased by 0.1 since the 
beginning of the industrial era (high confidence), coiresponding to a 26% increase in hydrogen ion concentration (see 
Figure 5PM.4). {3.8, Box 3.2} 


Atmospheric CO2 



Year 


Surface ocean CO2 and pH 



figure SPM,4 [ Multiple observed indicators of a changing global carbon c^te: (a) almospheric concenfrations of carbon dioxide (CO.) from Mauna ioa 
i 19°32'N, 155‘’34'W - red) and South Pole(89®59'S, 24®48'W- black) sinre 1958; (b) partial pressure of dissolved CO, at the ocean surface (blue curves) 
and in situ pH (green cuo'es), a measure of the acidity of ocean water. Measurements are from three stations from the Atlantic (29°10'N, 15°30'W-dark 
Dlue/dark green; 3r40'N, 64®10‘W-blue/green)andthe Padfk Oceans {22“45'N, 158“00'W - light blue/light greer^). Full details ol the datasets shown 
here are provided in the urtderiying report and the Technical Summary Supplementary Material (Figures 2.1 and 3.18; Figure TS.Sj 


! Gigaionne of carbon = 1 GtC = 10‘* grams (^carbon. This corresponds to 3.667 GtCOj, 

pH is a measure of acidity using a loganthmic Kale; a pH decrease of 1 unit corresponds to a 10-fold increase in hydrogen ion concentration, or acidity. 
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C. Drivers of Climate Change 

Natural and anthropogenic substances and processes that alter the Earth's energy budget are drivers of climate change. 
Radiative forcing’^ (RF) quantifies the change in energy fluxes caused by dtanges In these drivers for 201 1 relative to 1 750, 
unless otherwise indicated. Positive RF leads to surface wanning, negati\^ BF leads to surface cooling. RF is estimated based 
on in-situ and remote observations, properties of greenhouse gases and aerosols, and calculations using numerical models 
representing observed processes. Some emitted compounds afkct the abnospheiic concentration of other substances. The RF 
can be reported based on the concentration changes of each substance’K Altemadvely, the emission-based RF of a compound 
can be reported, which provides a more direct link to human activities It includes contributions from all substances affected 
by that emission. The total anthropogenic RF of the two approaches are identical when considering all drivers. Though both 
approaches are used in this Summary for Policymakers, emission-based RFs are emphasized. 


Total radiative forcing is positive^ and has Jed to an uptako of energy fay the climate system. 
The largest contribution to total radiative forcing is caused by the increase in the atmospheric 
concentration of GO 2 since 1750 (see Figure SPM.5).v^f^x3, 1 . 83, 8.5} 


• 'Oie total anthropogenic RF for 201 1 relative to 1 750 is 2.29 (1 .13 to 3.33] W (see figure SPM.5), and it has increased 

more rapidly since 1 970 than during prior decades. The total anthropogenic RF best estimate for 201 1 is 43% higher than 
that reported in AR4 for the year 2005. This is caused by a combination of continued growth in most greenhouse gas 
concentrations and improved estimates of RF by aerosols indicating a weaker net cooling effect (negative RF). (8.5) 

• The RF from emissions of well-mixed greenhouse gases (COj. CH,, NjO, and Halocarbons) for 201 1 relative to 1 750 is 
3.00 [2.22 to 3.78j W m'^ (see Figure SPM.5). The RF from changes in concentrations in these gases is 2.83 [2.26 to 3.40| 
W m-\ {8.5} 

• Emissions of COj alone have caused an RF of 1 .68 (1 .33 to 2.03] W m-^ (see Figure SPM.5). including emissions of other 
carbon-containing gases, which also contributed to the Increase in CO^ concentrations, the RF of COj is 1.82 [1.46 to 
2,18]Wm-^{8.3, 8.5} 

• Emissions of CH 4 atone have caused an RF of 0.97 [0.74 to 1 .20) W m*^ (see Figure SPM.5). This is much larger than the 
concentration-based estimate of 0.48 [0.38 to 0.58] W m*^ (unchanged from AR4). This difference in estimates Is caused 
by concentration changes in ozone and stratospheric water vapour due to CH^ emissions and other emissions indirectly 
affecting CH*. {8.3, 8.5} 

• Emissions of stratospheric ozone-depleting halocarbons have caused a net positive RF of 0.1 8 [0.01 to 0.35] W (see 
Figure SPM.5). Their own positive RF has outweighed the negative RF from the ozone depletion that they have induced. 
The positive RF from all halocarbons is similar to the value in AR4, with a reduced RF from CFCs but increases from many 
of their substitutes. {8.3, 8.5} 

• Emissions of short-lived gases contribute to the total anthropogenic RF. Emissions of carbon monoxide (CO) are virtually 
certain to have induced a positive RF, while emissions of nitrogen oxides (NOJ are likely to have induced a net negative 
RF (see Figure SPM.5). {8.3, 8.5} 

• The RF of the total aerosol effect in the atmosphere, which includes cloud adjustments due to aerosols, is -0.9 (-1 .9 to 
-0.1] W m'^ {medium confidence), and results from a negative forcing from most aerosols and a positive contribution 


The s\r?i>git) of drivers is guaiHified as Radiative forcing (Rf) in links watts per square metre (W m-*) as m previous tPCC assesstnents. (if is the change in energy flux 
caused by a driver, and is calculated at the tropopause or at the top of the aiRio^rf»«e. In the trarfitionat fif cwKefS emfrioyed in previous IPCC reports afl surface and 
tropospheric conditions are kept fixed, in calculations of Rf for well-mixed greenhouse gases and awosois m Ws report physic^ variables, except for the ocean and sea 
ice, are allowed to respond to perturbations with rapid ai^ustments. The resulting foiting is ofled Effective Radiative Forcing (ERF) in the underlying report. This change 
reflects the scientific progress from previous assessments and results m a better mdicatkm of the eventual t«Tip«atute response lor these drivers. For all drivers other than 
well-mixed greenhouse gases and aerosols, rapid adjustments are less welt characterizHl »hI assumed to be sma^ and tisus the traditiona! Rf is used. (8. i} 

This approach was used to report Rf in the AR4 Summary for Polic^akers. 
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from biack carbon absorption of solar r^iation. There is high confidence that aerosols and their interactions with clouds 
have offset a substantial portion of global mean ftwcing from well-mixed greenhouse gases. They continue to contribute 
the largest uncertainty to the total RF estimate. {7.5. 8.3, 8.5} 

• The forcing from stratospheric volcanic aerosols can have a large impact on the climate for some years after volcanic 
eruptions. Several small eruptions have caused an RF of -0.1 1 [-0.1 5 to -0.08] W m-^ for the years 2008 to 201 1 , which 
is approximately twice as strong as during the years 1999 to 2002. {8,4} 

• The RF due to changes in solar irradiance is estimated as 0.05 [0.00 to 0.10] W m-^ {see Figure SPM.5). Satellite obser- 
vations of total solar irradiance changes from 1978 to 2011 indicate that the last solar minimum was lower than the 
previous two. This results in an RF of -0.04 [-0.08 to 0.00] W m'^ between the most recent minimum in 2008 and the 
1986 minimum. {8.4} 

• The total natural RF from solar irradiance changes and stratospheric volcanic aerosols made only a small contribution to 
the net radiative forcing throughout the last century, except for brief periods after large volcanic eruptions. {8.5} 


Emitied Resulting atmospheric 
compound drivers 


Radiative forcing by emissions and drivers 
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Figure SPM.5 j Radiative for<ing estimates in 2011 relative to 1750 and aggregated uncertainties for the main drivers of dimate change. Values are 
global average radiative forcing (RF’-"), parfitiwted according to the emitted compounds or processes that result in a combination of drivers. The best esti- 
mates of the net radiative forcing are showm as black dianonds with corresponding uncertainty intervals; the numerical values are provided on the right 
of the figure, together with the confidence level in the net forcing {VH - very high. H - high. M - mediun). L - low. VL - very tow). Albedo forcing due to 
black carbon on snow and ice is included in the biack carbon aerosol bar. Smalt fcffcings due to contrails (0.05 W m-‘, including contrail induced cirrus), 
and HfCs, PfCs and SFf, (total 0.03 Wm-‘) are not shown. Concentration-based RFs for gases can be obtained by summing the like-coloured bars. Volcanic 
forcing is not included as its episodic nature makes is difficult to compare to other forcing mechanisms. Total anthropogenic radiative lorcing is provided 
for three different years relative to 1 750. For fwthw tedmicai details, including uncertainty ranges associated w-ith individual components and processes, 
see the Technical Summary Suppiemenlary Material (8-5: Figures 8.14-^. 18; Figures TS.6 and TS.7i 
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D. Understanding the Climate System and its Recent Changes 

Understanding recent changes in the climate system results from combining observadons, studies of feedback processes, and 
model simulations. Evaluation of the ability of climate models to simulate recent changes requires consideration of the state 
of all modelled climate system components at the start of the simulation and the natural and anthropogenic forcing used to 
drive the models. Compared to AR4, more detailed and longer obsen/ations and improved climate models now enable the 
attribution of a human contribution to detected changes in more climax system components. 

Human influence on thedimate system isclear. Thisis evtdentfrom the increasing greenhouse 
gas concentrations in the atmosphere, positive radiative forcing, observed warming, and 
understanding of the climate system. (2-14} . . 


D.1 Evaluation of Climate Models 


Climate models have improved since the AR4. Models reproduce observed continental- 
scale surface temperature patterns and trends over many decades, including the more rapid 
warming since the mid-20th century and the cooling immediately following targe volcanic 
eruptions {very high confidence). {9.4. 9 . 6 . 9.8} 


• Hie long-term climate model simulations show a trend in global-mean surface temperature from 1951 to 2012 that 
agrees with the observed trend {very high confidence). There are, however, differences between simulated and observed 
trends over periods as short as 1 0 to 1 5 years (e.g., 1 998 to 201 2). {9.4, Sox 9.2} 

• The observed reduction in surface warming trend over the period 1998to 2012 as compared to the period 1951 to 2012, 
is due in roughly equal measure to a reduced trend in radiative forcing and a cooling contribution from natural internal 
variability, which includes a possible redistribution of heat within the ocean {medium confidence). The reduced b'end 
in radiative forcing Is primarily due to volcanic eruptions and the timing of the downward phase of the 1 1 -year solar 
cycle. However, there is low confidence in quantifying the role of changes in radiative forcing in causing the reduced 
warming trend. Hiere is medium confidence that natural internal decadal variability causes to a substantial degree the 
difference between observations and the simulations; the latter are not expected to reproduce the timing of natural 
internal variability. There may also be a contribution from forcing inadequacies and, in some models, an overestimate of 
the response to increasing greenhouse gas and other anthropogenic forcing (dominated by the effects of aerosols). {9.4, 
Box 9.2,10.3,80x10.2,11.3} 

• On regional scales, the confidence in model capability to simulate surface temperature is less than for the larger scales. 
However, there is high confidence that regional-scale surface temperature is better simulated than at the time of the AR4. 
{9.4, 9.6} 

• There has been substantial progress in the assessment of extreme weather and climate events since AR4. Simulated 
global-mean trends in the frequency of extreme warm and cold days and nights over the second half of the 20th century 
are generally consistent with observations. {9.5} 

• There has been some improvement in the simulation of continental-scale patterns of precipitation since the AR4. At 
regional scales, precipitation is not simulated as well, and the assessment is hampered by observational uncertainties. 
{9.4, 9,6} 

• Some important climate phenomena are now better reproduced by models. There is high confidence that the statistics of 
monsoon and E! Niho-Southern Oscillation (ENSO) based on multi-model simulations have improved since AR4. (9.5} 
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• Climate models now include more cloud and aerosd processes, and their interactions, than at the time of the AR4, but 
there remains low confidence in the representation and quantification of these processes in models. {7.3, 7.6, 9.4, 9.7} 

• There is robust evidence that the downward ti’end in Arctic summer sea ice extent since 1 979 is now reproduced by more 
models than at the time of the AR4. wWi about one-quarter of the models showing a trend as large as, or larger than, 
the trend in the observations. Most models simulate a small downward trend in Antarctic sea ice extent albeit with large 
inter-model spread, in contrast to the small upward trend in observations. {9.4} 

• Many models reproduce the observed dianges In upper-ocean heat content (0-700 m) from 1961 to 2005 {high 
confidence), with the multi-model mean time series falling within the range of the available observational estimates for 
most of the period. {9.4} 

• Climate models that include the carbon cycle (Earth System Models) simulate the global pattern of ocean-atmosphere 
CO-i fluxes, with outgassing in the tropics and uptake in the mid and high latitudes, in the majority of these models the 
sizes of the simulated global land and ocean carbon sinks over the latter part of the 20th century are within the range of 
observational estimates. {9.4} 


D.2 Quantification of Climate System Responses 


Observational and model studies of temperature change, dImate feedbacks and changes in 
the Earth's energy budget together provide confidence in the magnitude of global warming 
In response to past and future forcing. {Box 12.2. Box 13.1} 


• The net feedback from the combined effect of changes in water vapour, and differences between atmospheric and 
surface warming is extremely likely positive and therefore amplifies changes in climate. The net radiative feedback due to 
all cloud types combined is likely positive. Uncertainty in the sign and magnitude of the cloud feedback Is due primarily 
to continuing uncertainty in the impact of warming on low clouds. {7.2} 

• The equilibrium climate sensitivity quantifies the response of the climate system to constant radiative forcing on muiti- 
csntury time scales. It is defined as the change in global mean surface temperature at equilibrium that is caused by a 
doubling of the atmospheric CO^ concentration. Equilibrium climate sensitivity is likely in the range 1 .5°C to 4.5'’C (high 
confidence), extremely unlikely less than 1 ®C (high confidence), and very unlikely greater than S°C (medium confidence)'^. 
The lower temperature limit of the assessed likely range is thus less than the 2®C in the AR4, but the upper limit is the 
same. This assessment reflects improved understanding, the extended temperature record in the atmosphere and ocean, 
and new estimates of radiative forcing. {TSTFE.6, Figure 1; Box 12.2} 

• The rate and magnitude of global climate change is determined by radiative forcing, climate feedbacks and the storage 
of energy by the climate system. Estimates of these quantities for recent decades are consistent with the assessed 
likely range of the equilibrium climate sensitivity to within assessed uncertainties, providing strong evidence for our 
understanding of anthropogenic climate change. {Box 12.2, Box 13.1} 

• The transient climate response quantifies the response of the climate system to an increasing radiative forcing on a decadal 
to century timescale, it is defined as the change in global mean surface temperature at the time when the atmospheric CO 2 
concentration has doubled in a scenario of concenuation increasing at 1 % per year. The transient climate response is likely 
in the range of 1.0°C to 2.5'’C (high confidence) extremely unlikely greater thm 3°C. {Box 12.2} 

• A related quantity is the transient climate response to cumulative carbon emissions (TCRE). It quantifies the transient 
response of the climate system to cumulative carbon emissions (see Section E.8). TCRE is defined as the global mean 


No fees! esi^maie fo? equifibtium climate sensitivity can nowbegivwi because of a lack of agceement on v^oes ■ 


assessed lines oi evidence and studies. 



190 


Summary for Policyn 


surface temperature change per 1 000 GtC emitted to the atmosphere. TCRE is likely in the range of 0.8°C to 2.5°C per 
1000 GtC and applies for cumulative emissions up to about 2000 GtC until time temperatures peak (see Figure 
SPM.10),{12.5, Box 12.2} 

• Various metrics can be used to compare the contributions to dimate diange of emissions of different substances. The 
most appropriate metric and time horizon will depend on whidi aspects of dimate change are considered most important 
to a particular application. No single metric can accurately compare ad consequences of different emissions, and all have 
limitations and uncertainties. The Global Warming Potential is based on toe cumulative radiative forcing over a particular 
time horizon, and the Global Temperature Change Potential is based on toe change in global mean surface temperature 
at a chosen point in time. Updated values are provided in toe underlying Report. {8.7} 


D,3 Detection and Attribution of Climate Change 

Human influence has been detected In warming of the atmosphere and the ocean, in changes 
in the global water cycle, in reductions in snow and ice, in gioba! mean sea level rise, and 
In changes in some climate extremes (see Figure SPM.6 and Table SPM.i). This evidence for 
human influence has grown since AR4. It is exfreme/y /f/re/y that human Influence has been 
the dominant cause of the observed warming since the mid-20th century. {io.a-io.6; lo.S) 


• It is extremely likely that more than half of the observed increase in global average surface temperature from 1951 to 
201 0 was caused by the anthropogenic increase in greenhouse gas concentrations and other anthropogenic forcings 
together. The best estimate of the human-induced contribution to warming Is similar to the observed warming over this 
period. {10.3} 

• Greenhouse gases contributed a global mean surface warming likely to be in toe range of 0,5®C to 1 .3®C over the period 
1 951 to 201 0, with the contributions from other anthropogenic forcings, including the cooling effect of aerosols, likely to 
be in the range of -0.6®C to 0.1 ®C. The contribution from natural forcings is likely to be in the range of -0.1 °C to 0.1®C, 
and from natural internal variability is//ke/y tobe in the range of -0.1®C to 0.1 ®C. Together these assessed contributions 
are consistent with the observed warming of approximately 0.6°C to 0.7®C over this period. (1 0.3} 

• Over every continental region except Antarctica, anthropogenic forcings have likely made a substantial contribution to 
surface temperature increases since the mtd-20th century (see Figure SPM.6). For Antarctica, large observational uncer- 
tainties result in low confidence that anthropogenic forcings have contributed to the observed warming averaged over 
available stations. It is likely that there has been an anthropogenic contribution to the very substantial Arctic warming 
since the mid-20th century. (2.4, 1 0.3} 

• It is very likely that anthropogenic influence, particularly greenhouse gases and stratospheric ozone depletion, has led 
to a detectable observed pattern of tropospheric warming and a corresponding cooling in the lower stratosphere since 
1961.(2.4, 9.4,10,3} 

• It is very likely that anthropogenic forcings have made a substantial contribution to Increases in global u|^er ocean heat 
content (0-700 m) observed since the 1 970s (see Rgure SPM.6). There is evidence for human influence in some individual 
ocean basins. (3.2, 10.4} 

• It is likely that anthropogenic influences have affected toe global \rater cyde since 1960. Anthropogenic influences have 
contributed to observed increases in atmospheric moisture content in toe atinosphere {medium confidence), to global- 
scale changes in precipitation patterns over land {medium confidence), to intensification of heavy precipitation over land 
regions where data are sufficient {medium confidence), and to changes in surface and sub-surface ocean salinity {very 
likely). {2.5, 2.6, 3.3,7.6,10.3,10.4} 
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Figure SPM.6 j Comparison of observed and simulated dimate change based on three large-scale indicators in the atmosphere, the cryosphere and 
the ocean: change in continenia! land surface air temperatiues (yellow panels). Arctic and Antarctic September sea ice extent (white panels), and upper 
ocean heat content in the major ocean basins (blue panels). Global average changes are also given. Anomalies are given relative to 1 880-1919 for surface 
temperalures, 1960-1980 for ocean heat content and i979-1999fof sea ice. All time-series are decadal averages, plotted at the centre of the decade. 
For temperature panels, observations ate dashed lines if the spatial coverage of areas being examined is below 50%, For ocean heat content and sea ice 
panels the solid line is where the coverage of data is good »id higlw in quality, and the dashed tine is where the data coverage is only adequate, and 
thus, uncertainty is larger. Model results shown are Coupled Mwlei imeraMuparison Project Phase 5 (CMiPS) multi-model ensemble ranges, with shaded 
bands indicating the 5 to 95% confidence intervals. For funh« technical details, induding region definitions see the Technical Summary Supplementary 
Material, {Figure 10.21; Figure TS,12) 
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• There has been further strengthening of the ewdertce for human influence on temperature extremes since the SREX. It 
is now very likely that human influence has contributed to dsserwd gidial scale changes in the frequency and intensity 
of daily temperature extremes since the mid-20th centary, and likely fliat human influence has more than doubled the 
probability of occurrence of heatwaves in some locations (seeTaWe SPM.1). {10.6} 

• Anthropogenic influences have very likely contributed to Arctic sea ice loss since 1979. There is low confidence in the 
scientific understanding of the small observed increase in Antarctic sea ice extent due to the incomplete and competing 
scientific explanations for the causes of change and low confidence in estimates of natural internal variability in that 
region (see Figure SPM.6). {10.5} 

• Anthropogenic influences likely contributed to tiie retreat of gladCR since the 1960s and to the increased surface mass 
loss of the Greenland ice sheet since 1993. Due to a low level of sdentific understanding there is low confidence in 
attributing the causes of the observed loss of mass from the Antarctic ice sheet over the past two decades. {4.3. 10.5} 

• it is likely that there has been an anthropogenic contribution to observed reductions in Northern Hemisphere spring snow 
cover since 1970. {10.5} 

• It is very likely that there is a substantial anthropogenic contribution to the global mean sea level rise since the 1 970s. 
This is based on the high confidence in an anthropogenic influence on the two largest contributions to sea level rise, that 
is thermal expansion and glacier mass loss. (1 0.4, 1 0.5, 1 3.3} 

• There is high confidence tiiat changes in total solar irradiance have not contributed to the increase in global mean 
surface temperature over the period 1 986 to 2008, based on direct satellite measurements of total solar irradiance. There 
is medium confidence that the 1 1-year cycle of solar variability influences decadal climate fluctuations in some regions. 
No robust association between changes in cosmic rays and cloudiness has been identified. {7.4, 1 0.3, Box 1 0.2} 


E. Future Global and Regional Climate Change 

Projections of changes in the climate system are made using a hierarchy of climate models ranging from simple climate 
models, to models of intermediate complexity, to comprehensive climate models, and Earth System Models. These models 
simulate changes based on a set of scenarios of anthropogenic forcings. A new set of scenarios, the Representative 
Concentration Pathways (RCPs), was used for the new climate model simulations carried out under the framewodt of the 
Coupled Model Intercomparison Project Phase 5 (CMIP5) of the World Climate Research Programme. In all RCPs, atmospheric 
CO; concentrations are higher in 2100 relative to present day as a result of a further increase of cumulative emissions of 
CO 2 to the atmosphere during the 21st century (see Box SPM. 1). Projections in this Summary for Policymakers are for the 
end of the 21st century (2081-2100) given relative to 1986-2005, unless otherwise stated. To place such projections in 
historical context, it is necessary to consider observed changes between different periods. Based on the longest global 
surface temperature dataset available, the observed change between the average of the period 1850-1900 and of the AR5 
reference period is 0.61 [0.55 to 0.67j X. However, warming has occurred beyond the average of the AR5 reference period. 
Hence this is not an estimate of historical warming to present (see Chapter 2) . 


Continued emissions of greenhouse gases wiil cause further warming and changes In all 
components of the climate system. Limiting climate change will require substantial and 
sustained reductions of greenhouse gas emissions. 


• Projections for the next few decades show spatial patterns of climate change similar to those projected for the later 
21st century but with smaller magnitude. Natural internal variability will continue to be a major influence on climate, 
particularly in the near-term and at the regional scale. By the mid'21st century the magnitudes of the projected changes 
are substantially affected by the choice of emissions scenario (Box SPM.1). {11.3, Box 11.1, Annex!} 
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• Projected dimate change based on RCPs is similar to AR4 In both patterns and magnitude, after accounting for scenario 
differences. The overall spread of projections for the high RCPs is narrower than for comparable scenarios used in AR4 
because in contrast to the SRES emission scenarios used in AR4, the RCPs used in AR5 are defined as concentration 
pathways and thus carbon cycle uncertainties affecting aftnospheric COj concentrations are not considered in the 
concentration-driven CMtPS simulations. Projections of sea level rise are larger than in the AR4, primarily because of 
improved modelling of land-ice contributions.{l 1.3, 12.3, 12.4, 13.4, 13.5} 


E.1 Atmosphere: Temperature 


Global surface temperature change for the end of the 21st century Is likely to exceed 
1.5°C relative to 1850 to 1900 for ail RCP scenarios except RCP2.6. It is likely to exceed 2°C 
for RCP6.0 and RCP8.S, and more likely than hot to exceed 2°C for RCP4.5, Warming will 
continue beyond 2100 under all RCP scenarios except RCP2,6. Warming will continue to 
exhibit interannual-to-decadal variabiiity and will not be regionally uniform (see Figures 
SPM.? and SPW1.8). {11.3, 12.3. 12.4, ^ 


• The global mean surface temperature change for the period 201 6-2035 relative to 1 986-2005 will/Z/re/y be in the range 
of 0.3°C to 0.7°C {medium conffdencej.This assessment is based on multiple lines of evidence and assumes there will be 
no major volcanic eruptions or secular changes in total solar irradiance. Relative to natural interna! variability, near-term 
increases in seasonal mean and annual mean temperatures are expected to be larger in the tropics and subtropics than 
in mid-latitudes {high confidence). {11.3} 

• Increase of global mean surface temperatures for 2081-2100 relative to 1986-2005 is projected to likely be in the 
ranges derived from the concentration-driven CMIP5 model simulations, that is, 0.3®C to 1 ,7®C {RCP2.6), 1 .1 °C to 2.6°C 
(RCP4.5), 1 .4®C to S-I^C (RCP6.0), 2.6'’C to 4.8'’C (RCP8.5). The Arctic region will warm more rapidly than the global 
mean, and mean warming over land will be larger than over the ocean {very high confidence) (see Figures SPM.7 and 
SPM.8, and Table SPM.2).{12.4, 14.8} 

• Relative to the average from year 1850 to 1900, global surface temperature change by the end of the 21st century is 
projected to likely exceed 1 .S^C for RCP4.5, RCP6.0 and RCP8.5 {high confidence). Warming is likely to exceed 2°Q for 
RCP6.0 and RCP8.5 {high confidence), more likely than not to exceed 2®C for RCP4.5 {high confidence), but unlikely to 
exceed 2'’C for RCP2.6 {medium confidence). Warming is unlikely to exceed 4®C for RCP2.6, RCP4.5 and RCP6.0 {high 
confidence) and is about as likely as not to exceed 4*’C for RCP8.5 (medium confidence). (1 2.4) 

• It is virtually certain that there will be more frequent hot and fewer cold temperature extremes over most land areas on 
daily and seasonal timescales as global mean temperatures increase. It is very likely that heat waves will occur with a 
higher frequency and duration. Occasional cold winter extremes will continue to occur (see Table SPM.1). {12.4} 

E.2 Atmosphere: Water Cycle 


Changes In the global water cycle in response to the warming over the 21st century will not 
be uniform, the contrast iri precipitation between wet and dry regions and between wet 
and dry seasons will increase, although there may be regional exceptions {see Figure SPM.8). 

{12.4,143} 


Projected changes in the water cycle over the next few decades show similar large-scale patterns to those towards the 
end of the century, but with smaller magnitude. Changes in tire near-term, and at the regional scale will be strongly 
influenced by natural internal variability and may be affected by anthropogenic aerosol emissions. {1 1 .3} 




Figure SPM.7 j CMIP5 muiti-model simulated time swies from 1950 to 2100 for (a) diange in global annual mean surface temperature relative to 
1986-2005, (b) Northern Hemisphere September sea ice extent (S-year running mean), and fc) global mean ocean surface pH. Time series of projections 
and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution 
using historical reconstructed forcings. The mean and associated unariainties averaged over 2081-2100 are given for all RCP scenarios as colored verti- 
cal bars. The numbers of CMiPS models used to calculate the multi-model mean is indicated, ftw sea ice extent (b), the projected mean and uncertainty 
(minimum-maximum range) of the subset of models that most closely reproduce the dtotdogical mean state and 1 9?9 to 20 1 2 trend of the Arctic sea 
ice is given (rtumber of models given in brackets). F(x ccsnfrietenes^ the CMiPS muiti-modd mean is also indicated with dotted lines. The dashed line 
represents nearly ice-free conditions (i.e., when sea ice extent is less than 10^ km^ for at least five consecutive years). For further technical details see the 
Technical Summary Supplementary Material (Figures 6.28, 12.5, and 12.28-12.31; Figures TS.15,TS.1 7, and TS.20) 
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RCP 2.6 


RCP 8.5 



(b) Change in average precipitation (1986-2005 to 2081-2100) 
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(d) Change in ocean surface pH (1986-2005 to 2081-2100) 
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Figure SPM.S | Maps of CMfPS multi-mode! mean results for the scwarios RCP2.6 and RCP8.5 in 2081-2100 o( (a) annual mean surface temperature 
change, (b) average percent change in annual mean precipitation, (c) Nortfiern Hemisphere September sea ice extent, and (d) change in ocean surface pH. 
Changes in panels (a), (b) and (d) are shown relative to 1986-2005. The numbw of CMIP5 models used to calculate the multi-model mean is indicated in 
the upper right corner of each panel. For panels (a) and (b), hatching indicates re^ons vrfiere the multi-model mean is small compared to natural internal 
variability (i.e., less than one standard deviation of natural internal variability in 20-year means). Stippling indicates regions where the multi -model mean is 
large compared to natural internal variaMity (i.e-, greater than two standard deviations of natural internal variability in 20-year means) and where at least 
90% of models agree on the sign of diangefsee Box 12.1). In pane! (c), the lines are the rr:odelled means for 1986-2005; the filled areas are for the end 
of the century. The CM1P5 multi-model mean is given in white coloiff, the projected mean sea ice extent of a subset of models (number of models given in 
brackets) that most closely reproduce the climatological mean stale and 1979 to 2012 trend of the Arctic sea ice extent is given in light blue colour. For 
further technical details see the Technical Summary Suf^iement»y Material. {Figures 6.28. 12.11, 12.22, and I2.23: Figures TS. 15, TS. 16, IS. 17, andTS.20] 



196 


Symraary for PoSicymaNers 


• The high latitudes and the equatorial Pacific Ocean are likely to experience an increase in annual mean precipitation by 
the end of this century under the RCP8.5 scenario. In many mid-latitude and subtropical dry regions, mean precipitation 
will likely decrease, while in many mid-latitude wet regions, mean precipitation will likely increase by the end of this 
century under the RCP8.5 scenario (see Figure SPM.8).{7.6, 12.4, 14.3} 

• Extreme precipitation events over most of the mid-latitude land masses and over wet tropica! regions will very likely 
become more intense and more frequent by the end of this century, as global mean surface temperature increases (see 
Table SPM.1). (7.6, 12.4} 

• Globally, It is likely that the area encompassed by monsoon systems will increase over the 21 st century. While monsoon 
winds are likely to weaken, monsoon precipitation is likely to intensify due to the increase in atmospheric moisture. 
Monsoon onset dates are likely to become earlier or not to change much. Monsoon retreat dates will likely be delayed, 
resulting in lengthening of the monsoon season in many regions. {14.2} 

• There is high confidence that the El Niho-Southem Oscillation (ENSO) will remain the dominant mode of interannual 
variability in the tropical Pacific, with global effects In the 2 1 st century. Due to the increase in moisture availability, ENSO- 
related precipitation variability on regional scales will likely intensify. Natural variations of the amplitude and spatial 
pattern of ENSO are large and thus confidence in any specific projected change in ENSO and related regional phenomena 
for the 21 st century remains low. {5.4. 14.4} 


Table SPM,2 1 Projected change in global mean surface air twnperature and global mean sea level rise for the mid- and late 21st century relative to the 
reference period of 1986-2005. (12,4; Table 12, 2, Table 13.5} 



1 

2046-2065 

2081-2100 


Scenario 

Mean 

Ukely range* 

Mean 

l/8e/yrange‘ ^ 


RCP2,6 

1.0 

0.4 to 1-6 

1.0 

0,3 to 1.7 

Global Mean Surface 

RCP4.5 

1.4 

0-9 to 2.0 

1.8 

1,1 to 2,6 

Temperature Change (^C)’ 

RCP6.0 

1.3 

0.8 to 1.8 

2,2 

1,4 to 3.1 


RCP8.5 

2.0 

1-4 to 2.6 

3,7 

2.6 to 4.8 


Scenario 

Mean 

Likely range** 

Mean 

ranged r 


RCP2.6 

0-24 

0,17to0,32 

0.40 

0.26 to 0.55 

Global Mean Sea Level 

RCP4.5 

0-26 

0.19 to 0.33 

0,47 

0.32 to 0.63 

Rise (m)*’ 

RCP6.0 

0.25 

0.18 to 0.32 

0.48 

0.33 to 0.63 


RCP8.5 

0.30 

0.22 to 0.38 

0.63 

0.45 to 0,82 


Notes: 

> Based on the CM1P5 ensemble; anomalies calculated with respect to 198&-2005. Using HadCRUT4 and its uncertainty estimate (S-9S% confidence interval), the 
observed warming to the reference period 1986-2005 is 0.61 (0.55 to 0.67) *C from 1850-1900, and 0.11 |0.09to0.131 “Cfrom 1980-1999. the reference period 
for projections used in AR4, Likely ranges have not been assessed here with respect to earlier reference periods because methods are not generally available in the 
literature for combining die uncertainties in models and observaticms. Adding projected and observed changes does not account for potential effects of model biases 
compared to observations, and for natural internal variability durmg the obswational reference period {2.4; 11 .2; Tables 12,2 and 12.3} 

» Based on 2 1 CMIP5 models; anomalies calculated widi respect to 1 986-2005. Where CMIP5 results were not available for a particular AQ6CM and scenario, they 
were estimated as explained in Chapter 1 3, Table 1 3.5, The conUibutiwis frwn ke rfieet r^id dynamical chwige and anthrqjogenic land water storage are treated as 
having uniform probability distributions, and as largely ind^>endent of scenario. This treatment does not imply that the contributions concerned will no! depend on the 
scenario followed, only that the current state of knowledge does not permit a i^andtative assessment of Ow dependence. Based on current understanding, only the 
collapse of marine-based sectors of the Antarctic ice sheet, if initiated, could cause glt^al mean sea level to rise substantially above the likely range during the 21st 
century. There is medium confidence that this additional contribution would not exceed several tenths of a meter of sea level rise during the 21st century. 

‘ Calculated from projections as 5-95% model ranges. These ranges arc then assessed to be f/fce/y ranges aftw accounting for additional uncertainties or different levels 
of confidence in models, for projections of global mean surface temperature change in 2046-2065 confidence is medium, because the relative importance of natural 
internal variability, and uncertainty in non-greenhouse gas forcing and r^xms^ are larger titan for 2081-2100. The likely ranges for 2046-2065 do not take into 
account the possible influence of factors that lead to the assessed range for nea^term (2016-2035) global mean surface temperature change that is lower than the 
5-95% model range, because the influence of these factors on longer term prr^ions has not bewt quantified due to insufficient scientific understanding. {1 1 ,3} 

" Calculated from projections as S-95% model ranges. These ranges are then assessed to be/ftefy ranges after accounting for additional uncertainties or different levels 
of confidence in models. For projections of global mean sea level rise confidwrce is med/um for both time horizons. 
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E.3 Atmosphere: Air Quality 

• TTie range in projections of air quality {ozone and PM2.5” in near-surface air) is driven primarily by emissions (including 
CHJ, rather than by physical climate change (medium confidence). There is high confidence that globally, warming 
decreases background surface ozone. High CH4 levels (as In RCP8.5) can offset this decrease, raising background surface 
ozone by year 21 00 on average by ^out 8 ppb (25% of current levels) relative to scenarios with small CH^ changes (as 
in RCP4.5 and RCP6.0) (high confidence). [U 3} 

• Observational and modelling evidence indicates that, all else being equal, locally higher surface temperatures in polluted 
regions will trigger regional feedbacks in chemistry and local emissions that will increase peak levels of ozone and PM2.5 
{medium confidence). For PM2.5, climate chan^ may alter natural aerosol sources as well as removal by precipitation, 
but no confidence level is attached to ^e overall intact of climate change on PM2.5 distributions. {1 1 .3} 

E.4 Ocean 


The global ocean will continue to warm during the 21st century. Heat will penetrate from 
the surface to the deep ocean and affect ocean circulation. {ii. 3 , 12.4} 


• The strongest ocean warming is projected for the surface in tropical and Northern Hemisphere subtropical regions. At 
greater depth the warming will be most pronounced in the Southern Ocean {high confidence). Best estimates of ocean 
warming in the top one hundred meters are about (RCP2.6) to 2.0°C (RCP8.5), and about 0.3°C (RCP2.6) to 0.6“C 
{RCP8.5) at a depth of about 1000 m by the end of the 21st century. {12.4, 14.3} 

• It is very likely that the Atlantic Meridional Overturning Circulation (AMOC) will weaken over the 21st century. Best 
estimates and ranges'Morthe reduction are 11% {1 to 24%) in RCP2.6 and 34% (12 to 54%) in RCP8.5. It is//ke/y that 
there will be some decline in the AMOC by about 2050, but there may be some decades when the AMOC increases due 
to large natural internal variability. {11.3, 12.4) 

• It is very unlikely that the AMOC will undergo an abrupt transition or collapse in the 21st century for the scenarios 
considered. There is low confidence in assessing the evolution of the AMOC beyond the 21st century because of the 
limited number of analyses and equivocal results. However, a collapse beyond the 21st century for large sustained 
warming cannot be excluded. (1 2.5} 


E.5 Cryosphere 


It Is very likely that the Arctic sea Ice cover will continue to shrink and thin and that Northern 
Hemisphere spring snow cover will decrease during the 21st century as global mean surface 
temperature rises. Global glacier volume will further decrease. { 12 . 4 . 13 . 4 ) 


• Year-round reductions in Arctic sea ice extent are projected by the end of the 21 st century from multi-model averages. 
These reductions range from 43% for RCP2.6 to 94% for RCP8.5 in September and from 8% for RCP2.6 to 34% for 
RCP8.5 in February {medium confidence) {see Figures SPM.7 and SPM.8). (12.4} 


'■ PM2.5 fdets to partic.ulatematler a diameter of less than 2.5 miaotnetEes, a measure of atmospheric aemsoiconcewaiiori. 

The ranges in this paragraph indicate a CMIP5 model spread. 
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• Based on an assessment of the subset of models that most dosely r^roduce the dimatological mean state and 1979 
to 201 2 trend of the Arctic sea ice extent, a nearly ice-free Arctic Ocean’* In September before mid-century is likely for 
RCP8.5 {medium confidence) (see Figures SPM.7 and SPM.8). A projection of when the Arctic might become nearly ice- 
free in September in the 21st century cannot be made with confidence for the other scenarios. {11.3, 12.4, 12.5} 

• In the Antarctic, a decrease in sea ice extent and volume is projected vwth low confidence for the end of the 21 st century 
as global mean surface temperature rises. {12.4} 

• By the end of the 2 1 st century, the global giader volume, excluding glaciers on the periphery of Antarctica, is projected 
to decrease by 1 5 to 55% for RCP2.6, and by 35 to 85% for RCP8.5 {pnedium confidence). {1 3.4, 1 3.5} 

• The area of Northern Hemisphere spring snow cover is projected to decrease by 7% for RCP2.6 and by 25% in RCP8.5 by 
the end of the 21 st century for the model average {medium confidence). {12.4} 

• It is virtually certain that near-surface permafrost extent at high northern latitudes will be reduced as global mean 
surface temperature increases. By the end of the 21st century, the area of permafrost near the surface {upper 3.5 m) is 
projected to decrease by between 37% (RCP2.6) to 81 % (RCP8.5) for the model average [medium confidence). {1 2.4} 


E.6 Sea Level 


Global mean sea level will continue to rise during the 21st century (see Figure SPM,9}. Under 
all RCP scenarios, the rate of sea level rise will very likely exceed that observed during 1971 
to 2010 due to increased ocean warming and increased loss of mass from glaciers and ice 
sheets. (13.3r13.5} 


• Confidence in projections of global mean sea level rise has increased since the AR4 because of the improved physical 
understanding of the components of sea level, the improved agreement of process-based models with observations, and 
the inclusion of ice-sheet dynamical changes. {13.3-13.5} 

• Global mean sea level rise for 2081-2100 relative to 1986-2005 will likely be in the ranges of 0.26 to 0.55 m for RCP2,6, 
0,32 to 0.63 m for RCP4.5, 0.33 to 0.63 m for RCP6.0, and 0.45 to 0.82 m for RCP8.5 {medium confidence). For RCP8.5, 
the rise by the year 2100 is 0.52 to 0.98 m, with a rate during 2081 to 2100 of 8 to 16 mm yr’ {medium confidence). 
These ranges are derived from CMIP5 climate projections in combination with process-based models and literature 
assessment of glacier and ice sheet contributions (see Figure SPM.9, Table SPM.2). {1 3.5} 

• In the RCP projections, thermal expansion accounts for 30 to 55% of 2 1 st cenfriry global mean sea level rise, and glaciers 
for 1 5 to 35%. The increase in surface melting of the Greenland ice sheet will exceed the increase in snowfall, leading to 
a positive contribution from changes in surface mass balance to future sea level {high confidence). While surface melt- 
ing will remain small, an increase in snowfall on the Antarctic ice sheet is expected {medium confidence), resulting in a 
negative contribution to future sea level from changes in surface mass balance. Changes in outflow from both ice sheets 
combined wiil likely make a contribution in the range of 0.03 to 0.20 m by 2081 -2100 {medium confidence). {1 3.3-1 3.5} 

• Based on current understanding, only the collapse of marine-based sectors of the Antarctic ice sheet, if initiated, could 
cause global mean sea level to rise substantially above the likely range during the 21st century. However, there is 
medium confidence that this additional contribution would not exceed several tenths of a meter of sea level rise during 
the 21st century. {13.4, 13.5} 


Condifions in the Atcsic Ocean are referred to as nearly ice-free sea ice extent is less than ICPkm^for at least five consecutive years. 
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Global mean sea level rise 



Mean over 
2081-2100 


Figure SPM.9 \ Projections of global mean sea level rise over the 21st century relative to 1986-2005 from the combination of the CMiP5 ensemble 
with process-based models, for RCP2.6 and RCP8.5. The assessed likely range is shown as a shaded band. The assessed likely ranges for the mean 
over the period 2081-2100 for ail RCP scenarios are given as coloured vertkai bars, with the corresponding median value given as a horizontal 
line. For further technical details see the Technical Summary Supplementary Materia! (Table 13.5, Figures 13,10 and 13.11; Figures TS,21 andTS.22} 


• The basis for higher projections of global mean sea level rise in the 21st century has been considered and it has been 
concluded that there is currently insufficient evidence to evaluate the probability of specific levels above the assessed 
likely range. Many semi-empirical model projections of global mean sea level rise are higher than process-based model 
projections (up to about twice as large), but there is no consensus in the scientific community about their reliability and 
there is thus low confidence in their projections. {13.5} 

• Sea level rise will not be uniform. By the end of the 21st century, it is very likely that sea level will rise in more than about 
95% of the ocean area. About 70% of the coastlines worldwide are projected to experience sea level change within 20% 
of the global mean sea level change. {13.1, 13.6) 


E.7 Carbon and Other Biogeochemical Cycles 

Climate change will affect carbon cycle processes In a way that will exacerbate the increase 
of COj in the atmosphere {high confidence}, further uptake of carbon by the ocean will 
increase ocean acidification. {6.4} 


• Ocean uptake of anthropogenic COj will continue under all four RCPs through to 2100, with higher uptake for higher 
concentration pathways (very high confidence). The future evolution of the (and carbon uptake is less certain. A majority 
of models projects a continued land caiton uptake under all RCPs, but some models simulate a land carbon loss due to 
the combined effect of climate change and land use change. {6.4} 

• Based on Earth System Models, there is high confidence that the feedback between climate and the carbon cycle is 
positive in the 21st century; that Is, climate change will partially offset increases in land and ocean carbon sinks caused 
by rising atmospheric COj. As a result more of the emitted anthropogenic COj will remain in the atmosphere. A positive 
feedback between climate and the cartion cycle on century to millennial time scales is supported by paleoclimate 
observations and modelling. {6.2, 6.4} 
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Table SPM.3 1 Cumulative COj emissions for the 201 2 to 21 00 period compatible with the RCPatnMspherk concentrations simulated by the CMIP5 
Earth System Models. {6.4, Table 6.12, RgureTS.19} 


Scenario 

Cumulative CO} Emissions 2012 to 2100* 

GtC 

GtCO} 

Mean 

Range 

■ Mean 

Range 

RCP2.6 

270 

140 to 410 


510 to 1505 

RCP4.5 

780 

59Sto1005 

2860 

2180 to 3690 

RCP6.0 

1060 

840 to 1250 

3885 

3080 to 4585 

RCP8.5 

1685 

1415tol9IO 

6180 

5185 to 7005 


Notes; 

• 1 Gigatonne of carbon = 1 GtC = 10'^ grams of carbon. This core^xwds to 3.667 GtCOj. 


• Earth System Models project a global increase in ocean acidification for all RCP scenarios. The corresponding decrease in 
surface ocean pH by the end of 21 st century is in the range’* of 0.06 to 0.07 for RCP2.6, 0.1 4 to 0,1 5 for RCP4.5, 0.20 to 
0.21 for RCP6.0, and 0.30 to 0.32 for RCP8.5 (see Figures SPM.7 and SPM. 8 ). {6.4} 

• Cumulative COj emissions^* for the 2012 to 2100 period compatible witii tire RCP aonospheric COj concentrations, as 
derived from 15 Earth System Models, range’* from 140to410GtCfor RCP2.6, 595 to 1005 GtCfor RCP4.5, 840 to 1250 
GtC for RCP6.0, and 1415 to 1910 GtC for RCP8.5 (see Table SPM.3). {6.4} 

• By 2050, annual COj emissions derived from Earth System Models follow/ing RCP2.6 are smaller than 1 990 emissions (by 
1 4 to 96%). By the end of the 2 1 st century, about half of the models infer emissions slightly above zero, while the other 
half infer a net removal of COj from the atmosphere. (6.4, RgureTS.19} 

• The release of COj or CH 4 to the atmosphere from thawing permafrost carbon stocks over the 21 st century is assessed to 
be in the range of 50 to 250 GtC for RCP8.5 {low confidence). (6.4) 


E.8 Climate Stabilization, Climate Change Commitment and Irreversibility 


Cumulative emissions of COj iargely determine global mean surface warming by the late 21st 
century and beyond (see Figure SPM. 10). Most aspects of climate change will persist for many 
centuries even if emissions of COj are stopped. This represents a substantial multi-century 
climate change commitment created by past, present and future emissions of CO-.. {12,5}^ ; ^ 


• Cumulative total emissions of COj and global mean surface temperature response are approximately linearly related (see 
Figure SPM. 10). Any given level of warming is associated with a range of cumulative COj emissions^', and therefore, e.g., 
higher emissions in earlier decades imply lower emissions later. {1 2.5} 

• Limiting the warming caused by anthropogenic CO 2 emissions alone with a probability of >33%, >50%, and > 66 % to 
less than 2°C since the period 1861-1 880^^ will require cumulative CO^ emissions from ail anthropogenic sources to stay 
between 0 and about 1570 GtC (5760 GtCO^), 0 and about 1210 GtC (4440 GtCOj), and 0 and about 1000 GtC (3670 
GtC 02 ) since that period, respectively”. These upper amounts are reduced to about 900 GtC (3300 GtCOj), 820 GtC (301 0 
GtCOj), and 790 GtC (2900 GtCOj), respectively, when accounting for non-CO, forcings as in RCP2.6.An amount of 515 
[445 to 585I GtC (1 890 (1 630 to 21 50] GtCOj), was already emitted fay 201 1 . {12.5} 


From fos$i! (uet cement, induslry, and waste sectors. 

Quamificaiion o! this lange of CO; emissions requites taking k«o accouni oot-CO; dfivers. 

The first 20-year period available from the rnodeis. 

This is based on the assessment of the transient dimate (e^HKise to cwnolafive carbon emissions (TCl^. se® Section D.2). 
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• A lower warming target, or a higher likelihood of remaining below a specific warming target, will require lower cumulative 
CO 2 emissions. Accounting for wanning effects of increases in non-COj greenhouse gases, reductions in aerosols, or the 
release of greenhouse gases from permafrost vwll ako lower the cumulative CO^ emissions for a specific warming target 
(see Figure SPM.10).{1 2.5} 

• A large fraction of anthropogenic climate diange r^tdting from COj emissions is irreversible on a multi-century to 
millennia! time scale, except in the case of a large net removal of COj from the atmosphere over a sustained period. 
Surface temperatures will remain approximately constant at elevated levels for many centuries after a complete cessation 
of net anthropogenic COj emissions. Due to the long time scales of heat transfer from the ocean surface to depth, ocean 
warming will continue for centuries. Depending on the scenario, about 15 to 40% of emitted CO^ will remain in the 
atmosphere longer than 1,000 years. (Box 6.1, 12.4, 12.5} 

• it is virtually certain that global mean sea level rise will continue beyond 2100, with sea level rise due to thermal 
expansion to continue for many centuries. The few available mode! results that go beyond 21 00 indicate global mean 
sea level rise above the pre-industrial le\^ by 2300 to be less than 1 m for a radiative forcing that corresponds to CO^ 
concentrations that peak and decline and remain below 500 ppm, as in the scenario RCP2.6. For a radiative forcing that 
corresponds to a COj concentration that is above 700 ppm but below 1 500 ppm, as in the scenario RCP8.5, the projected 
rise is 1 m to more than 3 m {medium con^dence). {13.5} 


Cumulative tola! anthropogenic CO 2 emissions from 1870 (GtC02) 


1000 2000 3000 4000 5000 6000 7000 8000 



Figure SPM.IO | Gioba! mean surface temperature inaease as a fundicxi of cumuSative lotalglobai CO,, emissions from various lines of evidence. Multi- 
model results from a hierarchy of dimate-carbon cycle models for each RCP until 2100 are shown with coloured lines and decada! means (dots). Some 
decadal means are labeled for clarity (e.g., 2050 indicating the decade 2040-2049). Model results over the historical period (1860 to 2010) are indicated 
in black. The coloured plume illustrates the multi-model spread over the four RCP scenarios and fades with the decreasing number of available models 
in RCP8.5. The multi-model mean and range simuiat«f by CMIP5 models, fw«d by a CO^ increase of 1% per year (1%yr' COp simulations), is given by 
•he thin black line and grey area. For a specific amount of cumulative COj emissiais, the 1% per year CO^ simulations exhibit lower warming than those 
driven by RCPs, which include additional non-COj forcings. Temperature vafues are given relative to the 1861-1880 base period, emissions relative to 
1870. Decadal averages are connected by straight lines. For further tedtnica! details see the Technical Summary Supplementary Material. {Figure 12.45; 
TSTFE.8, Figure 1} 
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Summary far Policy 


Sustained mass ioss by ice sheets would cause larger sea level rise, and some part of the mass loss might be irreversible. 
There is high confidence that sustained warming greater than some threshold would lead to the near-complete loss of 
the Greenland ice sheet over a millennium or more, causing a gidial mean sea level rise of up to 7 m. Current estimates 
indicate that the threshold is greater than about 1°C {low con^dencx) but less dian about 4°C {medium confidence) 
global mean warming with respect to pre-industrial. Abrupt and irreversible ice loss from a potential instability of marine- 
based sectors of the Antarctic ice sheet in response to climate forcing is possible, but current evidence and understanding 
is insufficient to make a quantitative assessment. {5.8, 13.4, 13.5} 

Methods that aim to deliberately alter the climate system to ccwnter climate change, termed geoengtneering, have been 
proposed. Limited evidence precludes a comprehensive quantitative assessment of both Solar Radiation Management 
(SRM) and Carbon D ioxide Removal (CDR) and their impact on the climate system. CDR methods have biogeochemical 
and technological limitations to their potential on a global scale. There is insufficient knowledge to quantify how 
much COj emissions could be partially offset by CDR on a rrentury timescale. Modelling indicates that SRM methods, if 
realizable, have the potential to substantially offset a global temperature rise, but tiiey would also modify the global 
water cycle, and would not reduce ocean acidification. If SRM were terminated for any reason, there is high confidence 
that global surface temperatures would rise very rapidly to values consistent with the greenhouse gas forcing. CDR and 
SRM methods carry side effects and long-term consequences on a global scale. {6.5, 7.7} 


Box SPM.I: Representative Concentration Pathways (RCPs) 

Climate change projections in IPCC Working Group I require information about future emissions or concentrations 
of greenhouse gases, aerosols and other climate drivers, "niis information is often expressed as a scenario of human 
activities, which are not assessed in this report. Scenarios used in Working Group I have focused on anthropogenic 
emissions and do not include changes in natural drivers such as solar or volcanic forcing or natural emissions, for 
example, of CH 4 and NjO. 

For the Fifth Assessment Report of IPCC the scientific community has defined a set of four new scenarios, denoted 
Representative Cpncentrati’bn Pathways (RCPs. see Glossary). They are identified by their approximate totaf ; 
radtativefordhg in year 21 QO relative to 1750: 2.6 W m'^ for RCP2.6, 4.5 W m'^ for RCP4.5, 6,0 W m'^ for RCP6,0/ 
arid 8.5 W m’^ fbr RCPS.S; For the Coupled Model Intercomparison Project Phase 5 (CMIP5) results, these, values 
should be understood as indicative only, as the climate forcing resulting from all drivers varies between models 
due to specific model characteristics and treatment of short-lived climate forcers. These four RCPs include one 
mitigation scenario leading to a very low forcing level (RCP2.6). two stabilization scenarios (RCP4.5 and RCP 6 ), 
and one scenario with very high greenhouse gas emissions (RCP8.5).The RCPs can thus represent a range of 2ist 
century climate policies, as compared with the no-dimate policy of the Special Report on Emissions Scenarios 
(SRES) used in the Third Assessment Report and the Fourth Assessment Report. For RCP6.0 and RCP8.5, radiative 
forcing does not peak by year 2100; for RCP2.6 H peaks and declines; and for RCP4.5 it stabilizes by 2100, Each 
RCP provides spatially resolved data sets of land use change and sector-based emissions of air pollutants, and it 
specifies annual greenhouse gas concentrations and anthropogenic emissions up to 2100. RCPs are based on a 
combination of integrated assessment models, simple climate models, atmospheric chemistry and global carbon 
cycle models'. While tire RCPs span a wide range of total forcing values, tiiey do not cover the full range of emissions 
in the literature, particularly for aerosols. 

Most of the CMIP5 and Earth System Model simulations were performed with prescribed CO^ concentrations 
reaching 421 ppm (RCP2.6), 538 ppm (RCP4.5), 670 ppm (RCP6,0), and 936 {RCP 8.5) by the year 2100. 
Including also the prescribed concentrations of CH, and NjO, the combined CO^-equivalent concentrations are 475 
ppm (RCP2.6), 630 ppm (RCP4.5), 800 ppm (RCP6.0). and 1313 ppm (RCP8.5). For RCP8.5, additional CMIP5 Earth 
System Mode! simulations are perfoimed with prescribed CO 2 erniMions as provided by the integrated assessment 
models. For all RCPs, additional calculations, were made witii updated atinospheric chemistiy data and models 
(including the Atmospheric Chemistry and Climate component of CMIP5) using tire RCP prescribed emissions 
of the chemically reactive gases {GH4, NjO, HFCs, NO„ CO/NMyOQ. These simulations enable investigation of 
uncertainties related to carbon cycle feedbacks and atmospheric chertiistry. 
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U.S. Fish & Wildlife Service 


Migratory Bird Mortality 

Many Human-Caused Threats 
Afflict our Bird Populations 


Migratory Bird Wtanagement 
Mission 

To conserve migratory hini 
popidaiimts arid their habitats 
for future gemmat ions, through 
careful monitoring and effective 
rnariage'inent. 



Are Birds in Danger? 

Of the S36 species of birds protected under 
the Migratory Bird IVeaty Act, about a 
quaiter are known to be in trouble. There 
ai'e 78 bird species listed as Endangered 
and 14 species iistefl as Threatened in the 
U.S. An additional 144 species are on the 
National list of Birds of ConseiTation 
Concern 2001 (somew'hoseiwpulationsai’e 
declining precipitously). It cannot be 
assumed that the remainder of U.S. birds 
ar-e safe, as population data on essentially a 
0111 x 1 of these species ai-e lacking, making 
status determination very difficult if not 
impassible. The problems that birds face 
in the U.S. ai'e symptomatic of the 
problems they face globally. 

What Are the Human-Caused Threats to Birds? 
Birds face tremendous challenges to their 
suiwival every day. The majority of these 
challenges are related to human activities. 
Vast numbers of birds are killed due to 
collisions with human structures and 
equipment, poisoning by pesticides and 
contaminants, and attach by cats and 
other introduced predators. 

Diseases such as botulism, avian cholei*a, 
salmonellosis, and emeiging West Nile 
vires can also have significant population 
impacts. Human activities, such as overese 
of pesticides (enhancing the sui”vival of 
pesticide-resistant mosquitoes), for 
example, can help spread certan diseases. 

The gi-eatest threat 
to birds, and all 
wildlife, contmu(»to 
be loss and/or 
rlegiadation of 
habitat due to human 
development and 
distm-banee. Fbr 
migratory birds and 
other si)eci^th^ 


require multiple areas for wintering, 
breeding, and stopover points, the effects of 
habitat loss can be complex and far- 
reaching. 

Added to deaths from natural causes, such 
as adveree wfeather, predation, or 
staivation, human-related bird deaths may 
result in greater mortality than a 
population can withstand. In otheiwvords, 
it is the cumulative or combined impact of 
all moi-tality factors that concerns 
scientists most. Thus, anything done to 
reverse human-related bird deaths - and 
thus potential impacts to bird populations 
- are of considerable interest to the Service. 

How Many Birds are Killed? 

The U.S, Fish and Wildlife Sewice 
estimates that a minimum of 10 billion 
birds breed in North America. Fall 
populations ntay be on the order of 20 
billion. These figures represent only 
educated guesses. Mortality figures are 
also difficult to determine. Based on 
modeling and other approaches, estimates 
have been made for some of the most 
visible threats. 
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ColliHumii. Building window stiikes may 
account for 97 to 976 million bird deaths 
each year. Communication towers 
eonseiTatively kill 4 to 5 million birds 
annually (possibly closer to 40 to 50 
million; a natioiiwide cumulative impacts 
study should lielp resolve this question). 
Strikes at high tension transmission and 
distribution pow’er lines very 
conseiwatively kill tens of thousands of 
birds annually. Taking into account tlie 
millions of miles of bulk transmission and 
disbibution lines in the U.S., and 
extrapolating from European studies, 
actual moi-taiity could be as high as 174 
million deaths annually. Electrocutions 
probably kill tens of thousands of birds but 
the problem is barely monitored. Cars 
may kill 60 million birds or more each year, 
private and commercial aircraft far fewei; 
while wind turbine rotors kill an estimated 
3;3,000 birds annually. 

Poisoning. In one recent study; pesticides 
were estimated to result in the direct 
deaths of at least 72 million birds annually. 
This is an undei’estimate of the total 
deaths, given that delayed deaths from 
poisoned prey, oi-phaned cliicks, and 
neurological pj-oblems wei'e not included 
and tlse study site was limited. Oil spills 
may kill hundreds of thousands or more, 
depending on the severity and timing of the 
spill. Up to two million birds are kilied 
annually in oil and w'astewater pits, mainly 
in the western states. 

Cats. Many citizens would be surprised to 
learn that domestic and feral cats may kill 
hundreds of millions of songbii'ds and other 
avian species each yeai; A recent study in 
Wisconsin estimated that in that state 



Cats ca use tremendous bird mortality. 


alone, domestic rural cats kill roughly 39 
million birds annually. Add the deaths 
caused by feral eats, or domestic cats in 
urban and suburban M-eas, and this 
mortality figure would be much higher. 

By-Catch, to hundi-eds of thousands 
of seabirds are climated to die in U.S. 
fisheries each year. Monitoring for this, 
however, is again very limited. 

What Are We Doing to Reduce Mortality? 

While the “incidental, accidental or 
unintentional take” of migratoiy birds is 
not permitted by the Service and is a 
criminal violation of the Migi*atory' Bird 
'R'eaty Act, the Semce attempts to work 
with those industries and individuals w'hose 
actions result in bird deaths, rather than 
pursuing criminal prosecution first. 

For over 25 yciars, tiie Service has been a 
co-founcHng partner of the Avian Paioer 
Line Intemction Committee helping 
develop two voluntary guidance <locuments 
to r educe biixl .strikes and electrocutions. 
More recently, the Service co-fon nded the 
Avkm Subc&mmittee of the National 
Wind Coordinating Committee, working to 
I'educe bird strikes at wind turbines, and 
we founded and chair the Communication 
Totver Working Group, working to reduce 
bii’d .strikes at communication towers. We 
also co-ckairthe Interagency Seabird 
Working Group, implementing a national 
plan of action to r-educe seabii’d bycatch in 
longline fishinggear. 

Because of jiuisdictional and ownership 
issues, vvoi'king to I’educe cat-caused 
mortality, building window strikes, and oil 
spills is a mor'e complex undertaking. 

Here, we su}y])ort miUativec such a-s the 
Cats Indoor.H Progwmand the F atal 
Light Aivarenes.sPivgiwii,v.’hk\\ 
encourage.*^ building owner's to turn off 
skysci'aper' lights <lm'ing spring and fall 
night-time songbird migrations. For 
threats that can be addressed by individual 
citizen action, we design public education 
materials with related messages such as 
encouraging homeowmer-s to reduce home 
pesticide use and consumers to select 
environmentally-fiiendly pi-oducte, such as 
shade-gr-own coffee. 

Declining bird populations are piXTbably 
most often the result of combined or 
cumulative impacts of all mortality thus 
addressing each of the contributing factors 
is a priority 



Close-phased wires are a potential 
electrocution hazani 


What Else Is Needed to Reduce Mortality? 

Research is critical. In the case of 
collisions, for example, w-e don't 
understand specifically how light attracts 
birds to communication tower's, tall 
buildings, wind turbines, transmission 
towers, or other lit sti'uctures. We need to 
learn if detei'rents such as low-frequency 
sound, coloi'ed markers, or sti'uctural 
modifications reduce avian collisionvs. We 
also lack an understanding of how’ bii'ds 
select stopover' areas during spring and 
fall migi'ations. Without it, w'e cannot 
effectively manage habitats and 
recommend against building new 
struct ures in critical bird-use areas. Above 
all, the cumulative impacts of collisions on 
bird populations must be assessed- they 
are currently unknown. With the 
e.xponential increase in new sti'uctur’es, 
avian monitoring must be a priority. All of 
this information should be transmitted to 
land manager's, industry i'epi'e.sentatives, 
and iiffected agencies. 

Migratory bird.s are some of nature’s most 
magnificent resources. Their conservation 
is a critical and challenging endeavor' for 
the Migi'atory Bird Management Pr'ogram 
and all who value natur'e. 

For More Information: 

U.S. Fish and Wildife Service 

Division of Migratory Bird Management 

4401 N. Fairfax Drive, Room 634 

Arlington, VA 22203 

7033581714 

http:lfbirds.fws.gov 

January 2002 
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Senator Whitehouse. So with that, I turn to my distinguished 
ranking member. 

Senator Inhofe. I would like to ask the question, then, how 
many of those birds you referred to are bald eagles. 

Mr. Bryce, I really enjoyed your testimony. In my opening state- 
ment I said some of the things that you had repeated, or I think 
we got that from you, concerning the extensive land that is used 
by renewable fuels as opposed to the traditional fuels. Is there any- 
thing you would like to say, how can we justify all the land that 
is used for renewables as opposed to traditional forms? And I refer 
to oil and gas. 

Mr. Bryce. Thank you. Senator. 

My short response, sir, is density is green. Regardless of your 
stance on environmental issues, left, right, center, we can all agree 
that small footprints are ideal. And that is where I part with the 
traditional left and the green left when it comes to the issue of en- 
ergy production. I have a new book coming out in May in which 
I break this down. The power density of energy is 1 watt per 
square meter. To replace coal-fired power plants in the United 
States, then, if we wanted to replace them all with wind energy, 
it would require setting aside a land area the size of Italy. 

With regard to renewable fuels and biofuels, I have been a long- 
time of the corn ethanol scam. Why? Because the power density is 
simply too low. Further, from a moral standpoint, I reject the idea 
of burning food to make fuel. 

But the problem, sir, is fundamentally, again, basic physics and 
basic math. We don’t have enough land, because the power density 
is so low, to make significant quantities of energy based on renew- 
able energy in general, but particularly wind energy and biofuels. 

Senator Inhofe. And I appreciate that very much. I would like 
to, let me just go ahead and. Dr. Moore, when you talked about the 
various ages that we went through, I often use the one very close 
to what you said, I would say in 1895, we went into a period of 
time that was a cold period, and from about 1918 to 1945 a warmer 
period, from 1945 to in the 1970’s, a cooler period. The interesting 
thing about that is, the greatest surge in emissions of CO 2 hap- 
pened right at the end of, during and at the end of World War II, 
which precipitated, not a warm period but a cooler period, is that 
correct? 

Dr. Moore. There certainly was a pause at that time. It went up 
and down. But CO 2 emissions have continuously increased since 
they began in earnest after the Second World War. I think the 
pause that is occurring now is actually more fundamental in terms 
of, why isn’t the temperature continuing to increase like it did be- 
tween 1970 and 2000? It has basically just leveled off fiat, even 
though CO 2 emissions continue to increase, not just continue to ac- 
cumulate, but continue to increase. 

Senator Inhofe. The same thing that has been going on since 
the turn of the century, 2000, for the last 10, 12 years. 

Mr. Moore. Correct. Actually, if you look at the last 17 years, 
from 1996, it is fiat. So this is the thing that everybody is strug- 
gling to explain, and people who still firmly believe that humans 
are the main cause are coming up with, there are 14 explanations 
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now that have been put forward, some of which actually contradict 
each other. 

So it is a bit of an act of desperation, because one of the real 
problems was when the IPCC was first set up, it only included the 
World Meteorological Organization, which is meteorologists who 
are always concerned with very short time spans of what is going 
to happen in the next 5 days, and the United Nations Environment 
Program, which is environmentalists. So weathermen and environ- 
mentalists got control of the whole climate change agenda. 

At the same time, their mandate was only to look at human ef- 
fects on climate change, rather than the vast number of natural ef- 
fects that have been affecting climate change since the beginning 
of the earth. 

Senator Inhofe. And reference has been made to IPCC several 
times during the course of this hearing. I suggest to you, and I 
would ask you if you agree, when you talk about IPCC, you are 
talking about United Nations, that is where this thing started. And 
I would suggest to my chairman, as long as we are putting things 
into the record, unless there is some reason that it can’t be done, 
I would like to have the last chapter of my book called The Great- 
est Hoax, it is on the history of the IPCC and the United Nations 
entered into the record also. 

Senator Whitehouse. I can’t see any reason why it shouldn’t be, 
and assuming there is none, it will be, without objection. 

Senator Inhofe. Very good. 

[The referenced information was not recieved at time of print.] 

Senator Inhofe. I think it is really important to look at this and 
realize, the IPCC, whatever happened to Climate Gate? The media 
just drops this thing, and yet that was totally discredited during 
that period of time. We had a witness here that had a background 
with MIT. One of the lead scientists with MIT is one that totally 
contradicted, Richard Lindsay, that is right. 

So anyway, I just hope that we can look at this realistically, and 
when you stop and realize no one is taking an issue with this, that 
since we started talking about the legislation that would do what 
the President is trying to do right now through regulation, since he 
couldn’t get it through, one of the reasons was that the science is 
not settled. And the second reason is that people agree, they under- 
stand that the cost of this, if they would implement the cap and 
trade as proposed in le^slation, the cost would be somewhere be- 
tween $300 billion and $400 billion a year. And as our own admin- 
istrator of the EPA said, the first one appointed by President 
Obama, it really wouldn’t make any difference what we do here in 
the United States, because this isn’t where the problem is. That 
isn’t a question, other than think about it. 

Thank you, Mr. Chairman. 

Senator Whitehouse. Thank you very much. Thank you very 
much. Ranking Member Inhofe. As any witness in this proceeding 
and frankly, any previous witness of prior proceedings in this com- 
mittee will know, there are widely divergent views of the world re- 
flected here. You see it in its full flourish today as well. 

So I will bring this hearing to conclusion. The record will remain 
open for an additional 2 weeks. I will also add a statement for the 
record of the U.S. Geological Survey, Department of the Interior, 
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and there is also a collection of data regarding the funding sources 
of the Manhattan Institute for Policy Research. 

[The referenced information follows:] 
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Statement For The Record 
U.S. Geological Survey 
Department Of The Interior 
Before The 

Senate Committee On Environment And Public Works 
Subcommittee On Oversight 
Regarding 

Natural Resource Adaptation: Protecting Ecosystems And Economies 
February 25, 2014 

The uses has played a key role in advancing climate change science since long before there 
was such a discipline. The IJSQS works closely with partners from all levels of Government, the 
private and non-profit sectors, and even individual citizens to ensure that our research informs 
decisions for mitigating and adapting to climate change. Some of our work, such as our base 
maps of landscapes and watersheds, go back to our founding 130 years ago. A number of our 
strearagages have been measuring streamflow for over 1 00 years. The archive of Landsat mid- 
resolution land imagery goes back over 40 years and is the longest such continuous record. 
Hundreds of partners rely on our expertise in collecting and interpreting exceptional data sets 
about the Earth and its processes. It is our perspective that such data should be the starting point 
of any discussion of global climate change. 

Through ongoing collection of data, we are developing a better understanding of the patterns of 
that change and its impacts on critical natural resources. (“Global change” is sometimes used 
more generally to describe change in climate, land use and land cover, ecosystems, and human 
society. For our purposes today, “climate change” and “global change” are the same.) 
“Stressors,” “drivers,” and “inputs” are the factors affecting an Earth system. Changes in one 
system have impacts that in turn alter other systems; current research is investigating the nature 
of these feedbacks. 

Climate Change Impacts 

Global climate change is affecting weather, plants and animals, ecosystems and agriculture, and 
infrastructure. The most recent decade was the warmest on record for the United States, and the 
number of annual frost-free days has been increasing since the 1980s. Overall precipitation has 
increased for the country, and the timing and intensity of precipitation events have also changed, 
resulting in increased seasonal flooding and drought for several U.S. regions. 

Climate change affects at what elevation pine trees grow, how far north reptiles can survive, 
when flowers bloom, when snow stops and rain begins, how tong bears hibernate, and how 
quickly a virus can spread. Such climate-influenced changes in ecosystems have both direct and 
indirect effects on human health and livelihoods, including impacts to food production from 
fisheries, pollination, storm surge protection provided by coastal habitats, clean water, and 
recreational and tourism opportunities. 
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A specific example is the change in the fire regime of the western United States. Wanner 
temperatures, reduced snowpack, and earlier onset of springtime are leading to increased wildfire 
activity in a region that has already experienced extended drought over the past decades. Warmer 
winter conditions allow naturally occurring bark beetles to breed more frequently and 
successfully, and the dead trees left behind by these beetles make extensive crown fires more 
likely. In 2011 , the Las Conchas wildfire in New Mexico resulted in the loss of vegetation that 
would otherwise decrease erosion from hillsides. Sediment and ash eroded by post-fire floods 
were washed dowmstreani into the Rio Grande, which supplies 50% of the drinking water for 
Albuquerque. Water withdrawals by the city from the Rio Grande were stopped entirely for a 
week and were reduced for several months, due to the increased cost of treating water with high 
sediment content. 

As this example illustrates, climate change impacts can create complex chains of events and 
often cross jurisdictional boundaries, so coordination of science and planning activities is 
essential to ensure that conservation and management goals are met. Such coordination is an 
important part of the USGS mission, and we have undertaken several efforts to implement it. 

Coordinated Activities 

In 2009 the Secretary of the Interior issued Secretarial Order 3289 to better coordinate climate 
activities across the bureaus within Interior. The order identified Climate Science Centers 
(CSCs) as Department entities, with the intent of providing support for a full range of DOI 
resources, it also identified the Landscape Conservation Cooperatives (LCCs) as similarly 
Department-wide assets. Funding for the CSCs is focused on fish, wildlife and their habitats. 

The CSCs are consortia of universities partnered with the USGS, They are overseen by the 
National Climate Change and Wildlife Science Center (NCCWSC), which was established as 
part of the development of climate change adaptation strategies over the last decade. The CSCs 
and the NCCWSC are supported by Congressional appropriations but do not have permanent 
statutory authority. As outlined in the President’s FY2014 budget request, the USGS works with 
the DOI CSCs to develop actionable science and enhance the coordination of regional climate 
science with decision makers, develop vulnerability assessments as a key component of 
adaptation planning, and build closer ties with tribal science needs. 

One important activity of the recently created DOI CSCs is to provide regional coordination of 
climate adaptation science. At all levels of government, and especially within natural resource 
and environmental management agencies, both management attention and scientific resources 
are being directed to understanding and planning for climate change. Regional coordination of 
these climate activities is important to ensure that all agencies make effective use of limited 
resources and to eliminate redundancy in climate research. 

The National Research Council in 2009 recommended strengthening links between the science 
community and decision makers, and focusing more on users’ needs. These recommendations 
are important parts of conducting actionable science. The CSCs work closely with our partners, 
including the LCCs and the NOAA Regional Integrated Science and Assessments program, to 
identify on-the-ground needs for climate science for adaptation. We will continue building such 
relationships with other climate change activities across the Government. 
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In 2013, the President’s Climate Action Plan highlighted the importance of providing actionable 
science, and also of identifying vulnerable people, places, and resources, and being climate-smart 
about the response to disasters like Superstorm Sandy. The USGS incorporates these goals into 
many science areas. For example, we are developing basic information about carbon storage in 
ecosystems and geologic basins and are building a visualization tool to assist managers in 
understanding how their decisions will affect carbon storage, helping to advance the President’s 
goal of increasing the storage of carbon on public lands. We also play a role in the President’s 
climate data initiative through long-term Earth observing systems such as the streamgage 
network and the Landsat satellites. The streamgage network has about 8,000 stations and many 
have been operating for up to 80 years, with some of the oldest records going back over a 
century. Landsat represents a major data collection supporting the climate data initiative and will 
be used to identify land uses and regions in the Nation that are most vulnerable to or resilient in 
the face of climate change. Landsat provides land use and climate change information needed to 
optimize the production of renewable fuels, respond to changing patterns of wildfire occurrence 
and water availability, reduce carbon pollution, sustain natural resources, and develop climate 
adaptation plans. 

Below are specific examples of potential climate change impacts on the Nation’s natural 
resources and of tools the USGS is developing to enable decision makers to mitigate and adapt to 
these impacts. This is certainly not an exhaustive list. 

Western Trout Fisheries 

The USGS, working closely with the U.S. Forest Service, Trout Unlimited, and academic 
partners, has been studying the potential influences of climate change on western trout 
populations. Trout fishing Just in Idaho and New Mexico generates nearly $900 million annually. 
Trout depend on an ample supply of clean, cold water for survival. Many of the trout species in 
the West such as cutthroat trout, bull trout, Gila trout, and Apache trout, have already been 
affected by land-use change, introduction of non-native species, water withdrawal and other 
factors, leading to the protection of some species or subspecies under the U.S. Endangered 
Species Act. 

However, resource managers need answers to specific questions. What are the potential impacts 
of climate change to trout and can we identify the potential geographic locations where trout 
populations could be most impacted? Recent results from our collaborative research on western 
trout species and subspecies suggest that all species examined have a high risk of potential 
impact from either climate change — such as drought, wildfire, summer temperatures or winter 
floods — throughout some portion of their range. The challenge that lies ahead is how these 
results can be integrated into development of effective adaptation plans. As outlined previously, 
the implementation of an actionable science approach will help the Nation achieve effective 
adaptation planning for western trout species. 
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Vulnerability Assessments 

Effective climate adaptation strategies and management responses require a good understanding 
of how ecosystems are likely to respond to climate change. Climate change vulnerability 
assessment tools are being used to identify species and habitats at greatest risk from climate 
change, to help us understand why they are vulnerable, and to inform conservation strategies 
designed to reduce those vulnerabilities. These strategies may range from maintaining the most 
vulnerable species and ecosystems, to investing in those most resilient to changes and likely to 
persist. 

The uses, in concert with partner agencies across government, has planned a searchable, public 
registry on climate change vulnerability assessments. The goal is to make information about 
ongoing and completed assessments more readily available, so that resources devoted to such 
assessments can be most efficiently used. Currently, the plan is to bring in vulnerability 
assessments from beyond the Federal government. Paperwork is proceeding through the Federal 
Register process to open the registry to all sources of vulnerability assessments. 

While our understanding of climate impacts in a changing world has advanced significantly, 
important challenges remain for future response planning, including maintaining long-term 
monitoring networks with limited resources; refining models that couple climate and natural 
resource management to improve science available for decisions; and closing gaps in the global 
carbon budget to improve forecasts of climate change. We look forward to further discussions 
with the committee on this matter. 
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Senator Inhofe. I would like to add, I would like to sit around 
and visit and thank all the witnesses for coming, but we are 8 min- 
utes into a vote right now. 

Senator Whitehouse. And we are going to make a quick escape. 

I thank very much the witnesses for appearing. We appreciate 
your time this afternoon. 

[Whereupon, at 3:41 p.m., the committee was adjourned.] 

[Additional material submitted for the record follows.] 
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I am Chair of the School of Earth and Atmospheric Sciences at the Georgia Institute of 
Technology. I have devoted 30 years to conducting research on topics including climate of the 
Arctic, the role of clouds and aerosols in the climate system, and the climate dynamics of extreme 
weather events. As President of Climate Forecast Applications Network (CFAN) LLC, I have 
worked with decision makers on climate impact assessments, assessing and developing 
meteorological hazard and climate adaptation strategies, and developing subseasonal climate 
forecasting strategies to support adaptive management. 

i am increasingly concerned that both the climate change problem and its solution have been 
vastly oversimplified.' My research on understanding the dynamics of uncertainty at the climate 
science-policy interface has led me to question whether these dynamics are operating in a manner 
that is healthy for either the science or the policy process." I see a growing gap between what 
science is currently providing in terms of information about climate variability and change, and 
the information needed to understand and manage associated risks. 

My testimony focuses on the following issues of central relevance to the President’s Climate 
Change Program: 

• Evidence reported by the IPCC AR5 weakens the case for human factors dominating 
climate change in the 20"' and early 21” centuries. 

• Climate change in the U.S. and the importance of natural variability on understanding the 
causes of extreme events 

• Sound science to manage climate impacts requires improved understanding of natural 
climate variability and its impact on extreme weather events 


The IPCC AR5 WGI Report - a weaker case for anthropogenic global warming 

Last September, the Intergovernmental Panel on Climate Change (IPCC) released the S'" Assessment 
Report (AR5) from Working Group I (WGI) - The Physical Science Basis. Over the past two 
decades, the IPCC’s reports have expressed increasingly confident consensus views of the importance 
of anthropogenic influence on the global climate, as reflected by these statements from the Summary 
for Policy Makers (SPM): 


' Curry, JA and Webster PJ 201 1 : Climate science and the uncertainty monster. Bull Amer Meleorol. Sac., 92, 1667-1682. 

http://joumals.ametsoc.Org/doi/pdf/10.l 175/201 lBAMS3!39.i 
^ Judith Curry, Statement to the Subcommittee on Environment of the U.S, House of Representatives Hearing on Policy 
Relevant Climate Science in Context, 25 April 2013. 
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• AR4 (2007): "Most of the observed increase in global average temperatures since the 
mid-20'^ century is very likely {>90% confidence) due to the observed increase in 
anthropogenic greenhouse gases2‘' (SPM AR4) 

• AR5 (2013): "It is extremely likely {>95% confidence) that human influence has been the 
dominant cause of the observed warming since the mid-2(f^ century." (SPM AR5) 

The AR5 statement of 'extremely likely' implies that the overall arguments have strengthened. 
However, several key elements of the AR5 WGI report point to a weakening of the case for attributing 
most of the warming to human influences, relative to the previous assessment AR4 (2007): 

• Lack of warming since 1998 and the growing discrepancies between observations and climate 
mode! projections 

• Evidence of decreased climate sensitivity to increases in atmospheric CO 2 concentrations 

• Evidence that sea level rise during 1920-1950 is of the same magnitude as in 1993-2012 

• Increasing Antarctic sea ice extent 

The following summarizes the key points, using the figures and text from the IPCC AR5 WGI Report 
and comparing them with the AR4. 

Recent hiatus in surface warming and discrepancies with climate models 

The IPCC AR5 notes the lack of surface warming since 1998: 

"[T]he rate of warming over the past 15 years (1998-2012) [is] 0.05 [-0.05 to -^0.15] 
per decade which is smaller than the rate calculated since 1951 (1951-2012) [oj] 0.12 [0.08 
to 0. 14] °C per decade. ” (AR5 SPM) 

The significance of this hiatus in warming since 1998 arises from comparison with climate mode! 
projections. The IPCC AR4 stated: 

"For the next two decades, a warming of about 0.2'^C per decade is projected for a range of 
SRES emission scenarios. ” (AR4 SPM) 

The fifth phase of the Coupled Model Intercomparison Project (CMIP5)^ has produced a multi-model 
dataset that includes long-term simulations of twentieth-century climate and projections for the 
twenty-first century and beyond. CMIP5 provides the climate model simulations used in the AR5. 
Figure 1 summarizes the near-term projections from CMIP5 of global mean surface temperature 
anomalies. The observed global temperature record, particularly since 2005, are on the low end of the 
model envelope that contains 90% of the climate model simulations, and observations in 2011-2012 
are below the 5-95% envelope of the CMIP5 simulations. Overall, the trend in the model simulations 
is substantially larger than the observed trend over the past 15 years.'* 


Taylor, Karl E., Ronald Stouffer, Gerald A, Meehl, 2012: An Overview of CM1P5 and the Experiment Design. Bull. .4mer. Meteor. Soc. 
93 ’ 485-498. hri 0 :/. ioornal.s.amctsoc.org/doi/Ddf/iO.n?5-'BAMS-D-[i-OOO94.i 

A revised version of Figure 1 1.25 from the AR5 WG J Report is given by Ed Hawkins htlp://w\vw.cliinate-lab-book.ac.iik/20] 3/updates- 
to-comparison-of-cmip5-mode!s-observations/, which also includes tfie new surface temperature climatology by Cowtan and Way (2013) 
Roy. Meteorol. Soc. http;//on!inelibrary.wiiey.coni/doi/IO.I002/qj.2297./abstract. it is seen that this new climatology is slightly wamier. 
but does not significantly change the climate model discrejrancies with observations 
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Figure 1 . Comparison the global average surface temperatures from the surface temperature data sets 
with the CMIP5 simulations. The red-hatched region shows the likely range for annual mean global 
surface teperature during the period 2016-2035 based on expert judgment. From Figure 1 1.25 (IPCC 
AR5 WGl). 

Regarding projections for the period 2012-2035, the CMIP5 5-95% trend range is 0. 1 1 ‘’C-0.4 1 °C per 
decade. The IPCC then cites ‘expert judgment’ as the rationale for lowering the projections (indicated 
by the red hatching): 

“However, the implied rates of warming over the period from 1986-2005 to 2016-2035 are 
lower as a result of the hiatus: 0.I0°C~0.23°C per decade, suggesting the AR4 assessment was 
near the upper end of current expectations for this specific time interval. " (AR5 Chapter 1 1 ) 

This lowering of the projections (and decreasing the trend) relative to the results from the raw CMIP5 
model simulations was done based on expert judgment that some models are too sensitive to 
anthropogenic forcing. 

While the near term projections were low'cred relative to the CMIP5 simulations, the AR5 states with 
regards to extended-range warming: 

“Increase of global mean surface temperatures for 2081-2100 relative to 1986-2005 is 
projected to likely he in the ranges derived from the concentration driven CM1P5 model 
simulations. ” (AR5 Chapter 1 2) 

In Table SPM.2, which provides a summary of the CMIP5 simulations for the different emission 
scenarios for the periods 2046-2065 and 2081-2100, a note in the caption states: 

“The likely ranges for 2046-2065 do not take into account the possible influence of factors 
that lead to the asse.ssed range for near-term (2016—2035) global mean surface temperature 
change that is lo wer than the 5- 95% mode! range, because the influence of these factors on 
longer term projections has not been quantified due to insufficient scientific understanding. " 

(AR5 SPM) 
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This statement acknowledges that there is an uncertaint>' and possible bias leading to high values that 
has not been taken into account due to lack of understanding. Although this statement is made 
explicitly only for the period 2046-2065, the issue is also not accounted for in the later period. This 
kind of insufficient sciemiftc understanding is not a good basis for high confidence in the climate 
model simulations and projections. 

Regarding the current hiatus, the IPCC concludes that: 

". . . the hiatus is attributable, in roughly equal measure, to a decline in the rate of increase 
in effective radiative forcing (ERF) and a cooling contribution from internal variability 
(expert judgment, medium con fidence). The decline in the rate of increase in ERF is primarily 
attributed to natural (solar and volcanic) forcing but there is low confidence in quantifying 
the role of forcing trend in causing the hiatus, because of uncertainty in the magnitude of the 
volcanic forcing trend and low confidence in the aerosol forcing trend. " ( AR5 Chapter 1 1 ) 

In summary: 

• After expecting a global mean surface temperature increase of 0.2°C per decade in the early 
decades of the 21” century based on climate model simulations and statements in the AR4, 
the warming over the past 15 years is only ~0.05“C. 

• The IPCC AR5 bases its surface temperature projection of 0. 1 0 to 0.23°C per decade for the 
period 2016-2036 on expert judgment, which is lowered relative to the climate model results 
that predict substantially greater warming 

• The IPCC does not have a convincing or confident explanation for the current hiatus in 
warming. 

Sensitivity of climate to doubled C02 concentrations 

The equilibrium climate sensitivity (ECS) is defined as the change in global mean surface temperature 
at equilibrium that is caused by a doubling of the atmospheric CO 2 concentration. The IPCC AR4 
conclusion on climate sensitivity is stated as: 

"The equilibrium climate sensitivity. , . is likely to he in the range T'C to 4.S’C with a best 
estimate of about 3''C and is very unlikely to he less than !.5"C. Values higher than 4.5"C 
cannot he excluded. ” (AR4 SPM) 

The IPCC AR5 conclusion on climate sensitivity is stated as: 

Equilibrium climate sensitivity is likely in the range l.5°C to 4.5°C (high confidence), 
extremely unlikely less than I °C (high confidence), and vety unlikely greater than 6°C 
(medium confidence) (AR5 SPM) 

The bottom of the ‘likely’ range has been lowered from 2 to 1.5°C in the AR5, whereas the AR4 stated 
that ECS is very unlikely to be less than 1.5°C. It is also significant that the AR5 does not cite a best 
estimate, whereas the AR4 cites a best estimate of 3°C. Further the AR5 finds values of ECS 
exceeding 6'’C to be very unlikely, whereas the AR4 did not have sufficient confidence to identify an 
upper bound at this confidence level. The stated reason for not citing a best estimate in the AR5 is the 
substantial discrepancy between observation-based estimates of ECS (lower), versus estimates from 
climate models (higher). Figure 1 of Box 12.2 in the AR5 WGl report shows that 11 out of 19 
observational-based studies of ECS have values below 1.5“C in the range of their ECS probability 
distribution. 
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Hence the AR5 reflects greater uncertainty and a tendency towards lower values of the ECS than the 
AR4. The discrepancy between observational and climate model-based estimates of climate sensitivity 
is substantial and of significant importance to policymakers -- sensitivity, and the level of uncertainty 
in its value, is a key input into the economic models that drive cost-benefit analyses and estimates of 
the social cost of carbon. 

Sea level rise 

In the AR5 SPM, the following statements are made regarding sea level rise: 

“It is very likely that the mean rate of global averaged sea level rise was 1.7 [1.5 to 1.9] mm 
yf^ between 1901 and 2010, 2.0 [1.7 to 2.3] mmyr^ between 1971 and 2010 and 3.2 [2.8 to 
3.6] mmyr~’ between 1993 and 2010. It is likely that similarly high rates occurred between 
1920 and 1950. ” (AR5 SPM) 

“It is very likely that there is a substantial contribution from anthropogenic forcings to the 
global mean sea level rise since the 1970s. ” (AR5 SPM) 

The rate of global mean sea level as portrayed in AR5 is shown in Figure 2 below. 



Year 


Figure 2. 18-year trends of global mean sea level rise estimated at 1-year intervals. The time is the 
start date of the 18-year period, and the shading represents the 90% confidence. The estimate from 
satellite altimetry is also given, with the 90% confidence given as an error bar. [AR5 WGI Figure 3.14] 

In AR5 SPM there are significant changes relative to the AR4 WGI SPM concerning the estimated 
contributions to sea level rise from different sources: 

Table 1: Contributions to sea level rise from different sources (mm per year) 

AR4 (1993-20031 AR5 (1993-20101 


Thermal expansion 

1.6 

1.1 

Glaciers and ice caps 

0.77 

0.76 

Greenland ice sheet 

0.21 

0.33 

Antarctic ice sheet 

0.21 

0.27 

Land water storage 


0.38 

Sum 

0.28 

0.28 

Observed sea level rise 

3.1 

3,2 
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Thermal expansion is one third smaller in AR5 and land water storage with a substantial amount is 
compietely new in AR5, while the sum of these sources remained constant. With regards to land water 
storage, a recent paper^ estimated that the human impacts, particularly unsustainable ground water use, 
have contributed a sca-lcvcl rise of about 0.77 mm yr"' between !96i and 2003, which is twice as 
large as the estimate used in the A.R5. 

Global sea level has been rising for the past several thousand years. The key issue is whether the rate 
of sea level rise is accelerating owing to anthropogenic global warming. It is seen that the rate of rise 
during 1930-1950 was comparable to, if not larger than, the value in recent years. Hence the data does 
not seem to support the IPCC’s conclusion of a substantial contribution from antliropogenic forcings to 
the global mean sea level rise since the 1970s. Further, the growing realization of the importance of 
land water storage to sea level rise is diminishing the percentage of sea level rise that is associated 
with warming. Better understanding of natural versus anthropogenic components of sea level rise and 
the impacts of land use (especially groundwater depletion) on sea level rise is needed to effectively 
evaluate policy responses to sea level rise. 

Sea ice 

The IPCC AR5 reports the following trends in sea ice: 

"Continuing the trends reported in AR4. the annual Arctic sea ice extent decreased over the 
period } 979-201 2: the rate of this decrease was very likely between 3.5 and 4.1% per decade 
(AR5 SPM) 

"It is very likely that the annual Antarctic sea ice extent increased at a rate of between 1.2 
and 1.8% per decade between 1979 and 2012. (AR5 SPM) 

AR5 Chapter 10 states: 

"Anthropogenic forcings are very likely to have contributed to Arctic sea ice loss since 1979. 

There is low confidence in the scientific understanding of the absented increase in Antarctic 
sea ice extent since 1979, due to the incomplete and competing scientific explanations for the 
causes of change and low confidence in estimates of internal variability. ” (AR5 Chapter 10) 

"Arctic temperature anomalies in the 1930s were apparently as large as those in the 1990s 
and 2000s. There is still considerable discussion of the ultimate causes of the warm 
temperature anomalies that occurred in the Arctic in the 1920s and 1930s. " (AR5 Chapter 10) 

The increase in Antarctic sea ice is not understood and is not simulated correctly by climate 
models. Further, Arctic surface temperature anomalies in the I930’s were as large as the recent 
temperature anomalies. Notwithstanding the simulations by climate models that reproduce the 
decline in Arctic sea ice, more convincing arguments regarding causes of sea ice variations 
requires understanding and ability to simulate sea ice variations in both hemispheres. 

A key issue in understanding the recent decline in Arctic sea ice extent is to understand to what 
extent the decline is caused by anthropogenic warming versus natural climate variability. 


Pokhrel et al. 20 i 3: Model estimates of sea-level change due to anthropogenic impacts on terrestrial water storage. Nalure Geoscience. 
http;//w'vvw,nature.com/ngeo/joiirnal/v5/n6/}ull/ngeoI476.htmi 



222 


Analysis'” of the CMIP3 and CMIP5 simulations found that about 41% of the recent sea ice 
decline could be attributed to anthropogenic warming from the CMIP3 models, and about 60% 
from the CMIP5 models. A recent paper seeks to interpret the multi-decadal natural variability 
component of the Arctic sea ice in context of a 'stadium wave’.’ This paper suggests that a 
transition to recovery of the natural variability component of the sea ice extent has begun in the 
Eurasian Arctic sector, and that the recovery will reaeh its maximum extent circa 2040. 

Summary 

Multiple lines of evidence presented in the IPCC AR5 WGl report suggest that the case for 
anthropogenic warming is weaker than the previous assessment AR4 in 2007. Anthropogenic global 
warming is a proposed theory whose basic mechanism is well understood, but whose magnitude is 
highly uncertain. The growing evidence that climate models are too sensitive to CO 2 has implications 
for the attribution of late 20"' century warming and projections of 21“ century climate. 

If the recent warming hiatus is caused by natural variability, then this raises the question as to what 
extent the warming between 1 975 and 2000 can also be explained by natural climate variability. 

The stadium wave hypothesis* predicts that the warming hiatus could extend to the 2030’s. Based 
upon climate model projections, the probability of the hiatus extending beyond 20 years is vanishing 
small. If the hiatus does extend beyond 20 years, then a very substantial reconsideration will be 
needed of the 20“' century attribution and the 21“ century projections of climate change. 

Climate change in the U.S. 

The prospect of increased frequency and severity of extreme weather in a warmer climate is proposed 
as potentially the most serious near term impact of climate change. Metaphors such as climate change 
‘loading the dice’ for severe weather or causing ‘weather on steroids’ are frequently used to 
communicate an elevated probability of extreme weather events as a result of human-caused climate 
change. Because of their large socioeconomic impacts, weather catastrophes act as focusing events for 
the public in the politics surrounding the climate change debate. The perception that humans are 
causing an increase in extreme weather events is a primary motivation for the President’s Climate 
Change Plan: 

". . . climate change is no longer a distant threat - we are already feeling its impacts 
across the country and the world. Last year was the warmest year ever in the contiguous 
United States and about one-third of all Americans experienced 10 days or more of 1 00- 
degree heat. The 12 hottest years on record have all come in the last 15 years. . . And 
increasing floods, heat waves, and droughts have put farmers out of business, which is 
already raising food prices dramatically. ” 

In 2012, the IPCC published a Special Report on Managing the Risks of Extreme Events and Disasters 
to Advance Climate Change Adaptation (SREX)*. The following draws from the SREX, the IPCC 
AR5 WGl report, and climatic data for the U.S. provided by NOAA and the Berkeley Earth Surface 
Temperature project. 


“ Stroeve, j. etal. 2012; Trends in Arctic sea iceexfent from CMiP3, CMiPS and observations. Geophys. Res. Lett., 39, L16502 
^ Wyatt, MG and JA Curry-, 2013: Role for Biirasian Arctic shelf sea ice in a secularly varying hemispheric climate signal during the 20th 
century. Climate Dynamics. hltp://(;urryja.ri!es.wordpress.com.'20l3/10/'stadjum-wavel.pdf 
^ https://ipcc-wg2.gov/SREX/ 
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U.S. surface temperatures 

Figure 3 shows the latest analysis of annual surface temperature anomalies for the continental U.S. 
since 1850, from Berkeley Earth Surface Temperature Project. The year 2012 was the warmest 
year on record for the U.S., followed by 2006, 1998, and 1934. Globally, 2012 ranked as the 8"’ or 
9"' wannest year, with Argentina also recording its warmest year. It is seen that the annual average 
temperature for 2013 was relatively cool, and ranked only as the 42"“* warmest year for the 
continental U.S. 



Figure 3. Annual average surface temperature anomalies for the continental U.S. since 1850. Data and 
plot from the Berkeley Earth Surface Temperature Project. 


Summer heat extremes 

Figure 4 shows the number of daily record high summertime daily maximum temperatures (T^ax) 
and minimum temperatures (T„,i„) for the continental U.S. since 1895. The number of daily record 
Tmax shows HO trend, with a strong maximum during the 1930’s. The number of daily record Tmin 
also shows a maximum in the 1930’s. but also shows an overall increasing trend since the 1970's. 

The EPA also cites evidence that summertime heat waves were frequent and widespread in the ! 930s, 
and these remain the most severe heat waves in the U.S. historical record.’ Overall, any evidence of 
an anthropogenic effect (greenhouse gases, aerosols, land use) on summertime record high 
temperatures is more likely to be seen in Tmin than in T,„ax. 


http:.'7wvvvv.epa.gov/climatechange/images/indicator_figures-/high-lovv*temp-fig«rel-20n.gif 
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Figure 4. Number of daily record high T„, (red; left) and T„j„ (blue; right) for the summer season (Jun-Aug) 
for the continental U.S. Data obtained from 981 USHCN stations with surface temperature records exceeding 
80 years and standing as of 12/31/13. Figure courtesy of John Christy, University of Alabama Huntsville. 


Winter cold extremes 


Figure 5 .shows the number of daily record wintertime maximum (Tmax) and minimum (T„i„) 
temperatures for the continental U.S. since 1895. A declining trend in wintertime Ti„i„ records is 
seen, with very few records for the period 1997-2013, The wintertime Tmax records do not show 
any particular trend, with a cluster of records during the 1930’s and the 1980’s standing out years 
with the largest number of wintertime Tmax records. 
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Figure 5. Number of daily record low T„i„ (lop) and Tm,* (bottom) for the winter season (Dec-Feb) for the 
continental U.S. Data obtained from 981 USHCN stations with surface temperature records exceeding 80 
years, and standing as of 12/31/13. Figure courtesy of John Christy, University of Alabama Huntsville. 


Last week, the central and eastern U.S, was in the midst of a major cold wave, with large regions 
dropping below 0°F and wind chills reaching below -30°F. On one hand, some have stated that such 
cold is clear evidence that global warming is nonsense. On the other, some have argued that the cold 
wave is another example of extreme weather forced by increased greenhouse gases. Neither statement 
is supported by the evidence. There is nothing in Figure 5 to suggest that extreme cold air outbreaks 
(as reflected in record temperatures) are becoming more frequent in the U.S. With regards to the polar 
vortex, such circulation patterns are not uncommon. Analogues for a similar pattern and associated 
major wintertime cold air outbreak occurred in 1977, 1978, 1985, 1993 and 1994.'° 


Id 


personal communication, Joe Bastardi of WeatherBell 
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Precipitation 

Extremes in precipitation (drought and heavy rainfall events) are shown in Figure 6. These data reflect 
NOAA’s Climate Extreme Index, which is calculated as the percentage of the U.S. being falling in the 
upper or lower tenth percentile of the local period of record. Drought is represented by the Palmer 
Drought Severity Index (PDSI) and heavy rainfall events are characterized from extremes in 1-day 
precipitation. 



Figure 6. Annual frequency (%) of extremes in a) the Palmer Drought Severity Index; and b) extremes in 1- 
day precipitation. Figures obtained from the NOAA NCDC Climate Extremes Index 
a) http://www.ncdc.noaa.gOv/8xtremes/cei/graph/3/01-l2 b) hltp://www.ncdc.noaa.gov/extremes/cei/grapll/4/01-12 

Figure 6a shows that the most extreme droughts were observed in the 1930’s and 1950’s. The largest 
positive extremes (wet) are seen since the 1980’s. Figure 6b shows the historical distribution of 
extremes in 1-day rainfall rates. The highest values are clustered in the period since the 1990. It is 
unclear whether an increase in flooding can be attributed to the increase in extreme rainfall rates owing 
to the confounding factors of land use change and urbanization. Combined, Figures 6a and 6b present 
a picture of increasing precipitation and decreasing frequency of extreme drought. 

Sea level rise 

As cited above, the IPCC AR5 finds a mean global sea level rise of 3.2 [2.8 to 3.6] mm yr ' 
between 1993 and 2010, and states that there is very likely a substantial contribution from 
anthropogenic forcings since the 1970s. In many locations, local factors dominate the sea level 
variations: rising or subsidence from geologic processes, coastal engineering projects, and human 
impacts on terrestrial water storage including reservoir operation, ground water use and irrigation. 

Figure 7 shows local trends in sea level for the U.S. coast. The predominant arrow color is green (0-3 
mm/yr), which is nominally below mean global sea level rise. In Florida, sea level is rising at a rate of 
only 0.75 to 2.4 mm/yr. By contrast, Louisiana sea level rise exceeds 9 mm/yr. The Mid Atlantic coast 
has sea level rises ranging from 2.5 to 6 mm/yr. Along the coast of the Gulf of Alaska, sea level is 
decreasing at rates exceeding -10 mm/yr. 

Many locations have a rate of sea level rise that differs significantly from Ihe global average value. 
This occurs owing to the dominance of local factors (geologic and/or land use) on sea level rise. 
Projected rates of sea level rise for the period 2081-2100 depend on emission scenarios, and range 
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from 3 to 15 mm/yr, with most scenarios projecting a substantial acceleration over the current rate. 
Sea level rise projections using climate models may be too high owing to biases in sensitivity to 
greenhouse gases, and projections based on semi-empirical models may be too high owing to 
insufficient consideration given to land water storage. Assessing vulnerability of individual locations 
to anthropogenically-induced sea level rise also needs to account for local factors (e.g. geologic and 
land use) driving sea level rise as well as natural variability in sea level rise. 



«?(,*! »/>ws rtoftstntir.e ei’^etw rx? er, »> lo access /n/or»;af-«>n eCjv/ f‘iaf { 

i Sea Level Trends 

; mm/yr (feet/century) 

! ■151011(510?) B«Io9(2Io3) ■ ,3 10 0 (-1 B 0) ■ -12 B -8(410-3) 

i ■ 121015(4105) 0 3106(1102) ^ <10-3(-2W-1) ■ -15to-12(-51o4) 

■ 8(012(3104) 9 OB3(0101} ■ -9 to -6 (-3 to -2) ■ -1310-15(410-5} i 


Figure 7. Local trends in sea level determined from tide stations, with arrows representing the 
direction and magnitude of the change, http://lidesandcurrenls.noaa.gov/sltrends/ 


Summary 

With regards to the impacts of climate change on the continental U.S., the following trends are seen 
over the past century are seen: 

• declining frequency of wintertime cold extremes 

• declining frequency of drought 

• increasing frequency of heavy rain events 

• increasing sea level rise that is dominated by local factors in many locations 

There is a large component of natural variability seen in the lOO-t- year data record particularly for 
drought and heat waves, each of which had maximum extremes during the 1930’s. Sea level rise also 
shows a maxima during the 1930’s to 1940’s. 

There is a widespread perception that extreme weather events are worsening, as reflected by this 
statement from President Obama’s State of the Union address: 
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“Heat droughts, wildfires, and foods — all are now more frequent and intense. We can 

choose to believe that Superstorm Sandy, and the most severe drought in decades, and the 
worst wildfires some states have ever seen were ail just a freak coincidence. Or we can choose 
to believe in the overwhelming judgment of science - and act before it '.s too late. ' 

In the U.S., most types of weather extremes were worse in the 1930’s and even in the 1950’s than in 
the current climate, while the weather was overall more benign in the 1970’s. This sense that extreme 
weather events are now more frequent and intense is symptomatic of ‘weather amnesia’ prior to 1970. 
The extremes of the 1930’s and 1950’s are not attributable to greenhouse warming and are associated 
with natural climate variability (and in the case of the dustbowl drought and heat waves, also to land 
use practices). 

There is no a priori scientific reason to prefer the climate of the 1930’s, the !970’s, the current 
climate, or a climate that is 1-2°C warmer than present. Which climate is preferable from a 
socioeconomic perspective: 

• the current warmer climate with fewer extreme cold air outbreaks versus the climate of the 
1 970’s with fewer heat waves? 

• the current climate with fewer severe droughts and more frequent heavier rainfall, versus 
prior periods with overall less rainfall? 

• the present climate, or a future climate that is 1 -2°C warmer with overall more rainfall and 
less frequent drought, fewer extreme cold events but more frequent heat waves? 

The preference undoubtedly varies regionally. The key issues are the adaptive capacity of societies, 
and the unresolved moral dilemma of how to balance obligations towards future generations against 
obligations to the current generation, which underlies economic debates around the discount rate. 


Sound science in support of good judgment 

The premise of President Obama’s Climate Action Plan is that there is an overwhelming judgment of 
science that anthropogenic global warming is already producing devastating impacts, which is 
summarized by this statement from the President’s Second Inaugural Address: 

Some may still deny the overwhelming Judgment of science, but none can avoid the 

devastating impact of raging fires and crippling drought and more powerful storms. 

Thi.s promise is not strongly supported by the scientific evidence: 

• the science of climate change i.s not settled, and evidence reported by the IPCC AR5 weakens 
the case for human factors dominating climate change in the 20"' and early 21“ centuries 

• with the 15+ year hiatus in global warming, there is growing appreciation for the importance of 
natural climate variability 

• the IPCC AR5 and SREX find little evidence that supports an increase in most extreme weather 
events that can be attributed to humans, and w'eather extremes in the U.S. were generally worse 
in the 1930’s and 1950’s than in recent decades. 

Not only is more research needed to clarify the sensitivity of climate to carbon dioxide and understand 
the limitations of climate models, but more research is needed on solar variability, sun-climate 
connections, natural internal climate variability and the climate dynamics of extreme weather events. 
Improved understanding of these aspects of climate variability and change is needed to help 


http://www.whitehouse.gov/state-of-the-union-2013 
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government officials, communities, and businesses better understand and manage the risks associated 
with climate change. 

Nevertheless, the premise of dangerous anthropogenic climate change is the foundation for a far- 
reaching plan to reduce greenhouse gas emissions and reduce vulnerability to extreme weather events. 
Elements of this Plan may be argued as important for associated energy policy reasons, economics, 
and/or public health and safety. However, claiming an overwhelming scientific justification for the 
Plan based upon anthropogenic global wanning does a disservice both to climate science and to the 
policy process. 

Motivated by the precautionary principle to avoid dangerous anthropogenic climate change, attempts 
to modify the climate through reducing CO 2 emissions may turn out to be futile. The stagnation in 
greenhouse warming observed over the past 1 5-i- years demonstrates that CO 2 is not a control knob on 
climate variability on decadal time scales. Even if CO 2 mitigation strategies are successful and climate 
model projections are correct, an impact on the climate would not be expected for a number of decades 
owing to the long lifetime of CO 2 in the atmosphere and thennal inertia driven by the ocean (AR5 
WGl FAQ 12.3); solar variability, volcanic eruptions and natural internal climate variability will 
continue to be sources of unpredictable climate surprises. 

Specifically with regards to most extreme weather events, their frequency and intensity is heavily 
influenced by natural internal variability. Whether or not anthropogenic climate change is exacerbating 
extreme weather events, vulnerability to extreme weather events will continue owing to increasing 
population and wealth in vulnerable regions. Climate change (regardlc.ss of whether the primary cause 
is natural or anthropogenic) may be less important in driving vulnerability in most regions than 
increasing population, land use practices, and ecosystem degradation. Regions that find solutions to 
current problems of climate variability and extreme weather events and address challenges associated 
with an increasing population are likely to be well prepared to cope w'ith any additional stresses from 
climate change. 
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Short Biographical Note 

My academic degrees are in mathematics, public policy and political science. I began studying 
extreme weather and climate in 1993 at the National Center for Atmospheric Research in 
Boulder, CO. Over the past 20 years I have collaborated with researchers around the world to 
publish dozens of peer-reviewed papers on hurricanes, floods, tornadoes, Australian bushfires, 
earthquakes and other subjects related to extreme events. Since 2001, 1 have been a professor of 
environmental studies at the University of Colorado. A longer bio can be found as an appendix to 
this testimony. My views on climate policy and politics, not discussed in this testimony, can be 
found in my recent book, The Climate Fix (Basic Books, 2011). 

Take-Home Points 


• It is misleading, and just plain incorrect, to claim that disasters associated with hurricanes, 
tornadoes, floods or droughts have increased on climate timescales either in the United States 
or globally.' It is further incorrect to associate the increasing costs of disasters with the 
emission of greenhouse gases. 

• Globally, weather-related losses ($) have not increased since 1990 as a proportion of GDP 
(they have actually decreased by about 25%) and insured catastrophe losses have not 
increased as a proportion of GDP since I960. 

• Hurricanes have not increased in the US in frequency, intensity or normalized damage since 
at least 1900. The same holds for tropical cyclones globally since at least 1970 (when data 
allows for a global perspective). 

• Floods have not increased in the US in frequency or intensity since at least 1950. Flood losses 
as a percentage of US GDP have dropped by about 75% since 1940. 

• Tornadoes have not increased in frequency, intensity or normalized damage since 1950, and 
there is some evidence to suggest that they have actually declined. 

• Drought has “for the most part, become shorter, less frequent, and cover a smaller portion of 
the U. S. over the last century.”^ Globally, “there has been little change in drought over the 
past 60 years.”" 

• The absolute costs of disasters will increase significantly in coming years due to greater 
wealth and populations in locations exposed to extremes. Consequent, disasters will continue 
to be an important focus of policy, irrespective of the exact future course of climate change. 

To avoid any confusion 


Because the climate issue is so deeply politicized, it is necessary to include several statements 
beyond those reported above. 


' The IPCC defines climate timescales to be 30-50 years and longer, 

" This quote comes from the US Climate Change Science Program’s 2008 report on extremes in North 
America. 

" Sheffield et al. in Nature, http:/.'www.nature.com/nature/ioumal/v491/n7424.'fall/naturel I575.html 



231 


Dr. Pielke- Senate EPW Testimony Page 2 of 10 


18 July 2013 


• Humans influence the climate system in profound ways, including through the emission of 
carbon dioxide via the combustion of fossil fuels.^ 

• Researchers have detected and (in some cases) attributed a human influence in other 
measures of climate extremes beyond those discussed in this testimony, including surface 
temperatures and precipitation. 

• The inability to detect and attribute changes in hurricanes, floods, tornadoes and drought does 
not mean that human-caused climate change is not real or of concern. 

• It does mean how'ever that some activists, politicians, journalists, corporate and government 
agency representatives and even scientists who should know' better have made claims that are 
unsupportable based on evidence and research. 

• Such false claims could undermine the credibility of arguments for action on climate change, 
and to the extent that such false claims confuse those who make decisions related to extreme 
events, they could lead to poor decision making. 

• A considerable body of research projects that various extremes may become more frequent 
and/or intense in the future as a direct consequence of the human emission of carbon 
dioxide.^ 

• Our research, and that of others, suggests that assuming that these projections are accurate, it 
will be many decades, perhaps longer, before the signal of human-caused climate change can 
be detected in the statistics of hurricanes (and to the extent that statistical properties are 
similar, in floods, tornadoes, drought).^ 

The remainder of this written testimony provides data and references to support the claims made 

in the “take-home points” above, The “take-home points” are broadly supported by peer-reviewed 

research, US governmental assessments of climate science and the recent report of the 

Intergovernmental Panel on Climate Change in its Special Report on Extreme Events (IPCC 

SREX 2012).’ 

Global Weather-Related Disaster Loss t$> Trends 

What the IPCC SREX (2012) says: 

• “There is high confidence, based on high agreement and medium evidence, that 
economic losses from weather- and climate-related disasters have increased” 

• “There is medium evidence and high agreement that long-term trends in 
normalized losses have not been attributed to natural or anthropogenic climate 
change” 


■' See, e.g., Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change, 2007. Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. 
Tignor and H.L, Miller (eds.) Cambridge University Press, Cambridge, United Kingdom and New York, 
NY, USA. 

^ There are exceptions, for instance, the IPCC SREX (2012) concludes of winter storms, “There is medium 
confidence that there will be a reduction in the number of extratropical cyclones averaged over each 
hemisphere.” 

Crompton, RP, RA Pielke and KJ McAneney (2011), Emergence timescales for detection of 
anthropogenic climate change in US tropical cyclone loss data. Environ. Res. Lett. 6 (1) doi: 
10.I0S8/1748-9326/6/I/014003 

’ IPCC SREX (2012) refers to IPCC, 2012. Managing the Risks of Extreme Events and Disasters to 
Advance Climate Change Adaptation, Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, 
M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (Eds.) Cambridge 
University Press. 
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• “The statement about the absence of trends in impacts attributable to natural or 
anthropogenic climate change holds for tropical and extratropical [winter] storms 
and tornadoes” 

• “The absence of an attributable climate change signal in losses also holds for 
flood losses,” 

What the data says: 

1. Globally, weather-related losses have not increased since 1990 as a 
proportion of GDP (they have actually decreased by about 25%). 



Figure I. Global weather-related disasters as a proportion of global GDP, 1990-2012. Source of 
loss data: Munich Re.* Source of GDP data: United Nations,'* 

2. Insured catastrophe losses have not increased as a proportion of GDP since 
1960. 
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Figure 2. Global insured catastrophe loss as a percent^e of global GDP. Source: Aon Benfield.’” 


* httD://wwvv.municlire.com/en/reinsurance/business/non- 
life/georisks/natcatservice/great natural catastronhes.aspx 
'* http://un,stats. un.org/unsd/snaama/dnllist.asp 

httn://lhouehtleader.shiD.aonbenficld.com/Dociiitients/20130l03 reinsurance iiuarket outlook extemal.pdf 
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Note: The peer-reviewed literature on this subject is extensive and robust. Neumayer and Barthel 
(201 1), in a study conducted at the London School of Economics and supported financially by 
Munich Reinsurance conclude: 

“[Bjased on historical data, there is no evidence so far that climate change has increased 
the normalized economic loss from natural disasters.”" 

Hurricanes 


What the IPCC SREX (2102) says: 

• “Low confidence in attribution of any detectable changes in tropical cyclone activity to 
anthropogenic influences.” 

What the data says: 

3. Hurricanes have not increased in the US in frequency, intensity or 
normalized damage since at least 1900. 

I us Hurricane Landfalls: 1900-2012 

1 7 ' : 


Source: NOAA 



Figure 3a. Number of landfalling US hurricanes from 1900-2012. The red line shows the linear 
trend, exhibiting a decrease from about 2 to 1 .5 landfalls per year since 1 900. Source: NOAA. " 


Unitedl states Hurricane Power Dissipation Index 
Hurriean«s ancl Po»l-Tropic»l Murricane Porca • 1^00 to 2012 



•ioce-.e.: t,. 1. VtSaf 


Figure 3b. Intensity of US hurricanes at landfall, 1900-2012 (measured as the summed power 
dissipation for each year). The heavy black line shows the linear trend. Source NOAA, figure 
courtesy Chris Landsea, NOAA/NHC. 


” Neumayer, E. and F. Barthel. 2011. Normalizing Economic Loss from Natural Disasters: A Global 

Analysis, Global Environmental Change, 21:1 3-24 

*■ http: 7www.aoml.noaa.gov/hrd/hurdaFAll U.S. Hurricanes.html 
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Normalized US Humcane Damage: 1^0-2012 
(induding post-tropical cyclones of hurricane strength) 
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Figure 3c. Normalized US hurricane damage 1900-2012, estimated total damage if each past 
hurricane season occurred with 2012 levels of development. After Pielke et al. 2008.'’ Note that 
the figure includes Superstorm Sandy (2012) in gray and placeholders for the three other post- 
tropical cyclones of hurricanes which made landfall in 1904, 1924 and 1925. 


4. There are no significant trends (up or down) in global tropical cyclone 
landfalls since 1970 (when data allows for a comprehensive perspective), or 
in the overall number of tropical cyclones. 



Figure 4a. Global tropical cyclone (called hurricanes in the North Atlantic) landfalls, 1970-2012, 
after Weinkle et al. 2012.'’ 


” Pielke, Jr., R.A., J. Gratz, C.W. Landsea, D. Collins, M. Saunders, and R. Musulin (2008), Normalized 
Hurricane Damages in the United States; 1900-2005. Natural Hazards Review 9:29-42. Data updated to 
20 1 2 values using the IC AT Damage Estimator: httD://www.icatdamageestimator.com 

Weinkle, J, R Maue and R Pielke (2012), Historical Global Tropical Cyclone Landfalls. Journal of 
Climate, 25:4729-4735 





Figure 5. One measure of flood frequency from the USGS, percent of US streamgiiages above 
"bankfiill streamflow.” The USGS explains: “The bankfull streamflow is defined as the highest 
daily mean streamflow value expected to occur, on average, once in every 2.3 years.”"’ 


" After Maue, R. N. (2011), Recent historically lovr global tropical cyclone activity. , Geophys. Res. Letts. 
38:L 1 480.T doi : 1 0. 1 029/20 1 1 GL0477 1 1 . 





236 


Dr. Pielke- Senate EPW Testimony Page 7 of 10 18 July 2013 

6. Flood losses as a percentage of US GDP have dropped by about 75% since 
1940. 


US Flood Damage as Proportion of GDP (2012$) 

0 . 8 % . 



Figure 6. US flood losses as a percentage of US GDP. Annual flood losses have decreased from 
about 0.2% of US GDP to <0.05% since 1940. Flood loss data from NOAA HIC: 
http.'//www.nws.noaa.gov/hic/ GDP data from 0MB: 

littp://www.vvhiteliouse.gov/sites/default/files/omb/budget/fv201 4/assets/hist lOzl.xls '^ 

Note: A 2005 peer-reviewed paper examined flood trends around the world and concluded: 
“observations to date provide no conclusive and general proof as to how climate change affects 
flood behaviour.”'* 

Tornadoes 


What the IPCC SREX (2012) says: 

• “There is low confidence in observed trends in small spatial-scale phenomena such as 
tornadoes and hail” 

What the data says: 

7. Tornadoes have not increased in frequency, intensity or normalized damage 
since 1950, and there is some evidence to suggest that they have actually 
declined. 


Xiaodong Jian, David M. Wolock, Harry F. Lins, and Steve Brady, Streamflow of 2012 — Water Year 
Summary, U.S. Geological Survey, Reston, Virginia, May 2013. 

After Downton, M., J.Z.B. Miller, and R. A. Pielke, Jr. (2005), Reanalysis of the U.S. National Flood 
Loss Database. Natural Hazards Review 6: 1 3-22 

'* Kundzewicz, Z.W., D. Graczyk, T. Maurer, L Przymusinska, M. Radziejewski, C. Svensson and M. 
Szwed, 2005(a):Trend detection in river flow time-series: 1. annual maximum flow. Hydrol. Sci. J., 50:797- 
810. 
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U.S. Annual Count of EF-i+ Tornadoes, 1954 through 2012 



Figure 7a. Count of US tornadoes of at least EFl strength, 1954-2012. 

Source: NOAA, http://www.ncdc.noaa.gov/oa/cliiTiate/severeweather/tornadoes.htmi 


U.S. Annual Count of Strong to Violent Tornadoes (F3+), 1954 through 2012 



Figure 7b. Count of US tornadoes of at least EF3 strength, 1954-2012. 

Source: NOAA, http://www.ncdc.noaa.gov/oa/climate/severeweather/tornadoes.html 


Normalized US Tornado Damage; 1950-2012 

3SOOO ... 



Figure 7c. Normalized US tornado damage, estimated total damage if tornadoes of past years 
occurred with 2012 levels of development. After Simmons et al. 2012. Note 2012 estimated.''* 


” Simmons, KM, D Sutter and R Pielke (2013), Normalized tornado damage in the United States: 1950- 
201 1. £«vi>on. Hazards A 
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Drought 

What the IPCC SREX (2012) says: 

• “There is medium confidence that since the 1950s some regions of the world have 
experienced a trend to more intense and longer droughts, in particular in southern Europe 
and West Africa, but in some regions droughts have become less frequent, less intense, or 
shorter, for example, in central North America and northwestern Australia,” 

• For the US the CCSP (2008)“ says: “droughts have, for the most part, become shorter, 
less frequent, and cover a smaller portion of the U. S. over the last century.”^' 

What the data says: 

8. Drought has “for the most part, become shorter, less frequent, and cover a 
smaller portion of the U. S. over the last century.”^^ 



Figure 8. Figure 2.6 from CCSP (2008) has this caption: “The area (in percent) of area in severe 
to extreme drought as measured by the Palmer Drought Severity Index for the United States (red) 
from 1900 to present and for North America (blue) from 1950 to present.” 

Note: Writing in Nature Senevirnate (2012) argues with respect to global trends that, “there is no 
necessary correlation between temperature changes and long-term drought variations, which 
should warn us against using any simplifications regarding their relationship,”^’ 


“ CCSP, 2008: Weather and Climate Extremes in a Changing Climate. Regions of Focus; North America, 
Hawaii, Caribbean, and U.S. Pacific Islands. A Report by the U.S, Climate Change Science Program and 
the Subcommittee on Global Change Research. [Thomas R. Karl, Gerald A, Meehl, Christopher D. Miller, 
Susan J. Hassol, Anne M. Waple, and William L. Murray (eds.)]. Department of Commerce, NOAA’s 
National Climatic Data Center, Washington, D.C., USA, 164 pp, 

” CCSP (2008) notes that “the main exception is the Southwest and parts of the interior of the West, where 
increased temperature has led to rising drought trends.” 

” This quote comes from the US Climate Change Science Program’s 2008 report on extremes in North 
America. 

“ httD:.//www.natiire.com.:nature/ioiirnal/v49l/n7424/'full./491 338a.html 
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Biography of Roger Pielke Jr. 

Roger Pielke, Jr. has been on the faculty of the University of Colorado since 2001 and is a 
Professor in the Environmental Studies Program and a Fellow of the Cooperative Institute for 
Research in Environmental Sciences (CIRES). Roger's research focuses on science, innovation 
and politics and in 201 1 began to write and research on the governance of sports organizations, 
including FIFA and the NCAA. Roger holds degrees in mathematics, public policy and political 
science, all from the University of Colorado. In 2012 Roger was awarded an honorary doctorate 
from Linkoping University in Sweden and was also awarded the Public Service Award of the 
Geological Society of America. Roger also received the Eduard Bruckner Prize in Munich, 
Germany in 2006 for outstanding achievement in interdisciplinary climate research. At CIRES, 
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28 Abstract 

29 Meteorologists and other atmospheric science experts are playing important roles in helping 

30 society respond to climate change. However, members of this professional community are not 

31 unanimous in their views of climate change, and there has been tension among members of the 

32 American Meteorological Society (AMS) who hold different views on the topic. In response, 

33 AMS created the Committee to Improve Climate Change Communication to explore and, to the 

34 extent possible, resolve these tensions. To support this committee, in .lanuary 2012 we surveyed 

35 all AMS members with known email addresses, achieving a 26.3% response rate (n=l ,854). In 

36 this paper we tested four hypotheses; (I) perceived conflict about global warming will be 

37 negatively associated — and (2) climate expertise, (3) liberal political ideology, and (4) perceived 

38 scientific consensus will be positively associated - with (a) higher personal certainty that global 

39 warming is happening, (b) viewing the global warming observed over the past 150 years as 

40 mostly human-caused, and (c) perception of global warming as harmful. All four hypotheses 

41 were confirmed. Expertise, ideology, perceived consensus and perceived conflict were all 

42 independently related to respondents’ views on climate, with perceived consensus and political 

43 ideology being most strongly related. We suggest that AMS should; attempt to convey the 

44 widespread scientific agreement about climate change; acknowledge and explore the 

45 uncomfortable fact that political ideology influences the climate change views of meteorology 

46 professionals; refute the idea that those who do hold non-majority views just need to be 

47 "educated" about climate change; continue to deal with the conflict among members of the 

48 meteorology community. 

49 

50 

51 



243 


52 Capsule 

53 In a survey of American Meteorological Society members, perceived scientific consensus was the 

54 strongest predictor of global warming views, followed by political ideology, climate science 

55 expertise and perceived organizational conflict. 
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80 Introduction 

81 Mounting an effective societal response to climate change will require the involvement of 

82 the government, business, and non-governmental organization sectors, as well as myriad 

83 professional groups and members of the public at large. Meteorologists and other experts in 

84 atmospheric and related sciences are one group of professionals whose involvement is 

85 particularly important. As experts on weather and weather prediction, they will play a variety of 

86 important roles in helping other stakeholder groups make informed decisions based on changing 

87 expectations about climate and weather. Their technical expertise is complemented by the fact 

88 that members of the public see climate scientists and broadcast meteorologists as trustworthy 

89 sources of information on climate change (Leiserowitz et al., 2012). 

90 Research conducted to date with meteorologists and other atmospheric scientists has 

91 shown that they are not unanimous in their views of climate change. In a survey of earth 

92 scientists, Doran and Zimmerman (2009) found that while a majority of meteorologists surveyed 

93 are convinced humans have contributed to global warming (64%), this was a substantially 

94 smaller majority than that found among all earth scientists (82%), Another survey, by 

95 Farnsworth and Lichter (2009), found that 83% of meteorologists surveyed were convinced 

96 human-induced climate change is occurring, again a smaller majority than among experts in 

97 related areas such as ocean sciences (9 1 %) and geophysics (88%). 

98 There has been tension in recent years among AMS members who hold different views 

99 on climate change (Schweizer et al., 2011). Some members have expressed that their views - 

100 which question the view that human-caused global warming was occurring - are treated with 

101 hostility within the AMS (Schweizer et al., 201 1). In response to this conflict, the AMS created 

102 the Committee to Improve Climate Change Communication (CICCC) (AMS Committee to 

103 Improve Climate Change Communication, 201 1), The CICCC’s mission is to bring all 
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104 constituencies of opinion to the discussion table, and to provide venues and modes of interaction 

105 that help facilitate respectful and constructive dialogue on climate change. The ClCCC’s mission 

106 explicitly does not include addressing specific areas of climate science or trying to influence the 

107 outcomes of discussions, 

108 To better understand members’ views about climate change, and their perception of any 

109 remaining conflicts about climate change within AMS membership, the CICCC commissioned 

110 George Mason University researchers to survey AMS members; the top-line findings of that 

111 survey have been reported elsewhere (Maibach and Coauthors, 2012). In this paper, we report 

112 the results of two additional sets of analysis. First, to update previous research on the extent to 

113 which meteorologists are convinced of human-caused global warming, we conducted a modified 

114 replication of Doran and Zimmerman's (2009) study. Next, we tested four specific hypotheses 

115 about factors believed to influence meteorologists’ views about climate change, specifically their 

116 level of certainty that climate change is occurring, their views on whether or not it is mostly 

117 human-caused, and how harmful or beneficial its results might be. The four hypothesized 

118 influencing factors are climate science expertise, political orientation, perceived scientific 

119 consensus, and perceived conflict about climate change within AMS; the specific hypotheses are 

120 presented and justified in detail below. Lastly, we analyzed open-ended responses from survey 

121 participants about the nature of the conflict about climate change within AMS; these findings 

122 will be reported in a subsequent paper. 

123 Literature Review and Hypotheses 

124 Climate Science Expertise. Previous research using survey data (Doran & Zimmerman, 2009) 

125 and citation analysis (Anderegg et al., 20 1 0) has suggested that greater expertise in climate 

126 science, measured in terms of academic background and publishing record, is associated with 

127 higher conviction that human-caused global warming is occun'ing. For example, in Doran & 
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128 Zimmerman’s survey study, while only 82% of the total sample indicated they are convinced that 

129 humans have contributed to global warming, 89% of active publishers in the peer-reviewed 

130 scientific literature and 97% of climate experts who publish primarily on climate change in the 

131 peer-reviewed scientific literature indicated they were convinced (Doran & Zimmerman, 2009; 

132 Kendall Zimmerman, 2008). As a result, our first hypothesis is: 

133 HI : ,1s compared with professionals with less expertise in climate change, professionals 

134 with more expertise will have higher levels of personal certainty that global warming is 

135 happening, will be more likely to view it is as mostly human-caused, and will he more 

136 likely to view it as harmful rather than beneficial. 

137 Political Ideology. Decision-making about how to mount an effective societal response to 

138 climate change in the United States has been complicated by increasing polarization over the 

139 issue, which has occurred largely along political lines. In the late 1 990s, similar proportions of 

140 liberals and conservatives saw global warming as real; by 2008 (Dunlap & MoCright, 2008) - 

141 and continuing to the present (Leiserowitz et al., 20 1 2) - large differences had emerged such 

142 that liberals were more likely to see it as real, and conservatives had become increasingly 

143 skeptical. This growing polarization appears not to be caused by differences in scientific 

144 understanding - indeed, most Americans know very little about the science of global warming 

145 (Leiserowitz et al., 2010) - but rather by differences in political ideology and deeper underlying 

146 values (Kahan et al., 2011). Many conservatives see the solutions proposed to mitigate global 

147 warming as being more harmful than global warming itself due to their effect on the economy 

148 (McCright & Dunlap, 2011). Liberals, on the other hand, are more likely to accept the dominant 

149 scientific view, as they see the proposed responses to global warming as strengthening activities 

150 they value - namely, protection of the environment and regulation of industrial harm. 
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151 One might expect scientists’ norms of objectivity to prevent their political ideology from 

152 influencing their evaluation of scientific findings. Indeed, in one study scientists’ opinions on 

153 global warming policy responses varied by political ideology, but their views on the basic 

154 science did not (Rosenberg et al., 2009). However, other studies suggest scientists’ views on 

155 science can be influenced by ideology. A survey of members of the American Association for 

156 the Advancement of Science showed that conservatives differed dramatically from liberals with 

157 regard to their views about the science of global warming (Nisbet, 201 1): 44% of conservatives 

158 saw' global warming as mostly due to human activities, compared to about 94% of liberals. We 

159 therefore hypothesized: 

160 H2: As compared with professionals with a more conservative political orientation, 

161 professionals with a more liberal political orientation will have higher levels of personal 

162 certainty that global warming is happening, will be more likely to he view it is as mostly 

163 human-caused, and will be more likely to view it as harmful rather than beneficial, 

164 Perceived Scientific Consensus. Public opinion research has shown that only a minority of the 

165 public (35%) agree that ‘inost scientists think global warming is happening.” (Leiserowitz et al., 

166 2012). Also, preliminary analyses of the data from the present survey found that only 59% of 

167 AMS members agree that 81 to 100% of climate scientists think that global warming is 

168 happening (Maibach and Coauthors, 2012). Members of the public who perceive agreement 

169 about global warming among scientific experts are more likely to view global warming as real, 

170 human-caused and harmful than people who do not perceive agreement in the scientific 

171 community (Ding et al., 2011; Dunlap & McCright, 2008; Krosnick etal„ 2006). We therefore 

172 hypothesized: 

173 H3: As compared with professionals who perceive less scientific concensus about global 

174 warming, professionals who perceive more scientific consensus will have higher levels of 
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175 personal certainty that global warming is happening, will he more likely to he view it as 

176 mostly hitman-caused, and will be more likely to view it as harmful rather than 

111 beneficial. 

178 Perceived Conflict. Schweizer and colleagues (2011) found that broadcast meteorologists 

179 who perceived conflict about global warming among their peers had disengaged from the issue, 

180 and reported having done so due to the pressure they felt from committed partisans in the conflict 

181 to “choose sides”. This finding parallels an argument that has been advanced in the political 

182 science literature that increasing levels of polarization in American politics has caused the 

183 moderate majority to disengage from political participation (Fiorina & Abrams, 2008). One 

184 proposed reason for this political disengagement is that moderate voters feel no incentive to 

185 participate when they see the debate as primarily being driven by ideological positioning rather 

186 than a wish for problem-solving (Fiorina & Abrams, 2008). Schweizer et al. (201 1 ) found similar 

187 sentiments expressed by broadcast meteorologists in relation to conflict about climate change 

188 within AMS. We believe that when members of a professional group (including but not limited 

189 to meteorologists) perceive conflict within their peer group, they will tend to withdraw from the 

190 conflict by moderating their views on the issue that is causing the conflict. 

191 This moderation of views would entail AMS members on both ends of the spectrum of 

192 views shifting closer toward the center. However, because we expected a larger number of 

193 members to have begun with views favoring human-caused global warming (prior to perceiving 

194 conflict at the AMS), we also expected any moderating influence to result in members revising 

195 their views of global warming downward more often than upward. For this reason, when 

196 averaged across the whole population of members, we would expect greater perception of 

197 conflict to be associated with a reduced level of conviction that human-caused global warming 

198 was occurring. We therefore hypothesized: 
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199 H4: As compared with professionals who perceive less conflict about global warming 

200 within the membership base of their professional society, professionals who perceive 

201 more conflict will report lower levels of personal certainty that global warming is 

202 happening, will be less likely to be view it is as mostly human-caused, and less likely to 

203 view it as harmful rather than beneficial. 

204 Method 

205 On 29 December 20) I, we emailed all 7,197 AMS members for whom AMS had an e- 

206 mail address, excluding associate members and student members. The e-mail - signed by the 

207 CICCC chairs - requested participation in our survey and provided a link to the Web-based 

208 survey form (including the consent form). On 6 January 2012. and again on II January 2012, 

209 participants who had not yet responded received reminders by e-mail. On 27 March 2012, 375 

210 participants who had given one specific answer (to a question on global warming causation) were 

211 emailed a request to answer one additional question (designed to clarify their view on causation). 

212 This question is described further below. 

213 Of the 7,197 people invited to participate, 135 people were ineligible due to invalid 

214 addresses. Therefore, the valid denominator of our sample was 7.062. Of these, 1 ,854 people 

215 completed at least some portion of the survey beyond the consent form, yielding a minimum 

216 response rate of 26,3% (which assumes that all non-respondents were eligible to participate); this 

217 is slightly lower than the average rate for Web surveys (Shih & Fan, 2008), Of the 375 people 

218 who were sent the follow-up question. 271 responded. One of these respondents refused to 

219 answer the question, for a response rate to the follow-up question of 270 out of 375, or 72%, 

220 I 


221 
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222 Independent variables 

223 Expertise. To assess climate science expertise, we examined three measures: whether or 

224 not respondents indicated climate science as their area of expertise, their highest degree obtained, 

225 and their peer-reviewed publishing record on climate change over the last five years. Using 

226 principal axis factor analysis, we found these measures formed a single factor; loadings for all 

227 variables were within the acceptable range (Gorsuch, 1983). We therefore decided to sum all 

228 three variables into an index of climate science expertise. For area of expertise, participants who 

229 indicated climate science as their area of expertise were scored 1 ; all others were scored 0. For 

230 highest degree, participants who answered “PhD (or other doctoral degree)” and “MS or MA” 

231 were scored 2 and 1, respectively; all others were scored 0. For publishing record, respondents 

232 who said they published more than 50% of their peer-reviewed papers in the last 5 years on 

233 climate change were scored 2. We asked whether they had published more or less than 50% of 

234 their papers in climate change to achieve comparability with the results of Doran & Zimmerman 

235 (2009), who also used this as one of their measures of expertise. Those who said they published 

236 fewer than 50% of their papers on climate change, or who answered “N/A” to the question on 

237 their proportion of climate change papers, were scored 1 . Those who had not published in the last 

238 five years were scored 0. The scores on all three variables were summed, resulting in a 

239 composite variable with possible scores ranging from 0 to 5. 

240 Political ideology. This measure was based on responses to the question item: “In 

241 general, do you think of yourself as:” to which participants could respond “Very conservative,” 

242 “Somewhat conservative,” “Moderate,” “Somewhat liberal,” or “Very liberal.” The responses 

243 were coded 0 to 4, respectively. 

244 Perceived consensus. Respondents w'ere asked: “To the best of your knowledge, what 

245 proportion of climate scientists think that human-caused global warming is happening?” 
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246 Response categories were: 0 to 20 %, 21 to 40 %, 41 to 60 %, 6 i to 80%, 8 1 to 1 00%, (coded 1 to 

247 5, respectively) and “I don’t know enough to say.” Respondents who indicated “I don’t know” 

248 (n=l 56) were excluded from the analyses so that perceived consensus could be analyzed as a 

249 single continuous variable. To assess if the exclusion of “Don’t know” respondents influenced 

250 our findings, we conducted additional analyses with all respondents using dummy coding, a 

251 statistical technique that allows non-continuous variables to be entered into linear regressions. 

252 This produced no significant change to the results. 

253 Perceived conflict. Respondents were asked if they agreed or disagreed with the 

254 statement: “There is conflict among AMS members on the issue of global warming.” Response 

255 options were “Strongly disagree,” “Somewhat disagree,” “Neither agree nor disagree,” 

256 “Somewhat agree,” and “Strongly agree.” The responses were coded 0 to 4, respectively. 

257 Dependent Variables 

258 Certainty. To establish the certainty of respondents’ views on global warming, we asked 

259 two questions. The first asked whether global warming is happening, and the second assessed 

260 their level of certainty that it is happening. The first question was worded: “In this survey, the 

261 term “global warming” refers to the premise that the world’s average temperature has been 

262 increasing over the past 1 50 years, may be increasing more in the future, and that the world’s 

263 climate may change as a result. Regardless of the cause, do you think that global warming is 

264 happening?” Respondents who answered either “Yes” or “No” were presented with a certainty 

265 assessment item: “How sure are you that global warming [is/is not] happening?” We then 

266 calculated a composite measure to capture the responses to the two questions in a single variable. 

267 This resulted in a 9-point certainty measure ranging from -4 (Global w'arming not happening - 

268 extremely sure) to +4 (Global warming happening - extremely sure), with zero (Don’t know if 

269 global warming is happening) as the neutral midpoint. 
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270 Cause. If respondents indicated they agreed global warming was occurring, we 

271 subsequently asked them “Do you think that the global warming that has occurred over the past 

272 150 years has been caused...” to which they could answer “Mostly by human activity”, “Mostly 

273 by natural events”, “More-or-less equally by human activity and natural events”, “I do not 

274 believe we (scientists) know enough yet to determine the degree of human or natural causation, 

275 even in the general terms stated in the categories above,” and “I don’t know”. 

276 In order to make a more precise comparison of our results to those of Doran and 

277 Zimmerman (2009), a follow-up question was posed via email (approximately 10 weeks later) to 

278 those who answered: “I do not believe we know enough to determine the degree of human 

279 causation.” Specifically, w'e sought to determine if these participants were convinced that human 

280 activity has contributed to global warming. Thus we asked: “Do you think human activity has 

281 contributed to the global warming that has occurred over the past 150 years?” The answer 

282 options were Yes, No, Don’t know. (The full text of the follow-up email is available in the 

283 Appendix of this article.) Percentages of respondents who gave each possible response to the 

284 causation question are displayed below in Table 1 . Due to the categorical nature of these 

285 responses, they could not be used as a dependent variable for linear regression analysis. 

286 Therefore, they were transformed into a dichotomous variable for use in binary logistic 

287 regression. This variable was coded 1 for all respondents who agreed global warming is caused 

288 “mostly by human activity”, and 0 for respondents who made any other response. 

289 Level of Harm/Benefit. Respondents who agreed global warming was occurring were 

290 asked the following question: “Over the next 100 years, how harmful or beneficial do you think 

291 global warming will be to people and society, if nothing is done to address it?” Response options 

292 were: very harmful, somewhat harmful, the harms and benefits will be more or less equal, 

293 somewhat beneficial, very beneficial, and don’t know. Only about 1 0% of respondents answered 

294 “don’t know,” We omitted these participants so that linear regression could be used on a 
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295 continuous dependent variable ranging from very beneficial (coded 0) to very harmful (coded 4), 

296 with a midpoint of “the harms and benefits will be more or less equal” (coded 2). 

297 Analysis 

298 Using SPSS Versions 17.0 and 19.0, we examined the distributions of all variables. To 

299 compare our results to those of Doran and Zimmerman (2009) we cross-tabulated the results for 

300 the initial and follow-up questions on global warming causation by area ofexpertise, publishing 

301 record in the last five years, and proportion of papers in the last five years that were on global 

302 warming. 

303 To test our hypotheses, we conducted linear and logistic regressions. Global warming 

304 certainty and harm/benefit served as dependent variables in the linear regressions, and the view 

305 that global warming is/is not mostly human-caused (coded 1 for all respondents who agreed 

306 global warming is mostly human caused, and 0 for respondents who made any other response) 

307 served as the dependent variable in the logistic regression. In all of these analyses demographic 

308 variables, expertise, political ideology, perceived scientific consensus on global warming, and 

309 perceived conflict served as the independent variables. 

310 It should be noted that the analyses for causation and harm/benefit only include data from 

311 the 89% of the sample who said that global warming is happening (rather than “not happening” 

312 or “don’t know”). Since the other 1 1% did not answer the questions on global warming causation 

313 and harm/benefit, they could not be included in analyses of answers to these questions. 

314 Results 

315 Replication of Doran & Zimmerman (2009) 

316 Table 1 shows the proportion of survey respondents - divided by their area ofexpertise 

317 (climate change vs. meteorology and atmospheric science) and their publishing record 
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318 (publishing mostly on climate change vs. publishing mostly on other topics vs. non-publishing) - 

319 who report each of several different views on whether global warming is happening and what is 

320 causing it. The proportion of each group that is convinced that humans have contributed to 

321 global warming is determined by adding the proportions presented in the table’s first row 

322 (respondents who indicated global warming is happening and it is mostly human-caused), second 

323 row (respondents who indicated global warming is happening and it is equally human-caused 

324 and natural) and the first row of the Insufficient Evidence subsection at the bottom of the table 

325 (respondents who indicated global warming is happening and although there is insufficient 

326 evidence to attribute cause with precision, human activity is implicated to some degree). 

327 Climate science experts who publish mostly on climate change, and climate scientists 

328 who publish mostly on other topics, were the two groups most likely to be convinced that 

329 humans have contributed to global warming, with 93% of each group indicating their 

330 concurrence, The two groups least likely to be convinced of this were the non-publishing 

331 climate scientists and non-publishing meteorologists/atmospheric scientists, at 65% and 59%, 

332 respectively. In the middle were the two groups of publishing meteorologists/atmospheric 

333 scientists at 79% and 78%, respectively. 

334 [Table 1 about here] 

335 Hypothesis Tests 

336 Confirming all four hypotheses, the regression analyses showed that greater expertise, 

337 more liberal ideology, greater perceived consensus, and lower perceived conflict each predicted 

338 higher levels of certainty global warming was occurring, higher likelihood of viewing it as 

339 mostly human caused, and greater ratings of future harm. Together, the independent variables 

340 explained 37% of the variation in certainty that global warming is occurring, and 29% of the 

341 variation in views on global warming harm, which is considered a moderate amount of explained 
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342 variance in social science research (Cohen, 1992). Due to the nature of logistic regression, an 

343 equivalent statistic is unavailable for the proportion of explained variation in views on global 

344 warming causation. 

345 In terms of strength of the relationship between the independent and dependent variables, 

346 perceived consensus was the strongest predictor of all three types of global warming views - 

347 certainty, causation, and harm/benefit. Political ideology was the second strongest predictor of 

348 view certainty and causation, and was equivalent to perceived consensus as predictor of 

349 harm/benefit. Expertise and perceived conflict were both less strong predictors of global 

350 warming views, Expertise was the second weakest predictor of global warming certainty, and the 

351 weakest predictor of causation and harm/benefit.Perceived conflict was the weakest predictor of 

352 global warming view certainty, and the second weakest predictor of causation and harm/benefit. 

353 For details of the regression analyses, see the online supplementary material. 

354 Discussion 

355 Our findings regarding the degree of consensus about human-caused climate change 

356 among the most expert meteorologists are similar to those of Doran and Zimmerman (2009): 

357 93% of actively publishing climate scientists indicated they are convinced that humans have 

358 contributed to global warming. Our findings also revealed that majorities of experts view human 

359 activity as the primary cause of recent climate change: 78% of climate experts actively 

360 publishing on climate change, 73% of all people actively publishing on climate change, and 62% 

361 of active publishers who mostly do not publish on climate change. These results, together with 

362 those of other similar studies, suggest high levels of expert consensus about human-caused 

363 climate change (Farnsworth & Lichter 2012, Bray 2010). 

364 Furthermore, our study was the first study of scientific professionals we know of to 

365 include expertise, political ideology and perceived scientific consensus in a regression analysis 
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366 and thus compare the potential unique effects of each in shaping global wanning views. We 

367 found that perceived scientific consensus, political ideology, expertise and perceived conflict are 

368 each, to greater or lesser degrees, associated with AMS members’ views of global warming. 

369 Before considering implications of those findings, however, readers should consider two 

370 methodological issues that could have affected the accuracy of our results. 

371 First, even though the response rate to our survey was well within the normative range, 

372 nearly three quarters of the AMS members invited to participate did not do so. This raises the 

373 possibility that our respondents may not accurately represent the views of the broader AMS 

374 membership. It is plausible, for example, that AMS members skeptical of global warming may 

375 have been less likely than the average member to respond, potentially by virtue of feeling 

376 marginalized within their professional society as a result of the views on the issue. Conversely, it 

377 is also plausible that skeptical members may have been more likely than the average member to 

378 respond, due to a desire to use the opportunity to have their views recognized by AMS leadership 

379 and other members. We have no way of directly assessing the comparability of our sample to the 

380 broader AMS population in terms of global warming views. We have, however, compared the 

381 demographics of our respondents to the demographics from an AMS membership survey 

382 conducted in 2005 (Murillo et al,, 2008; n=5,394; survey completion rate = 48%). Our sample 

383 had fewer students (1% vs. 1 7% in 2005, although we intentionally did not include student 

384 members in our sample), more retired members (1 1% vs, 4% in 2005), more older members 

385 (59% were 50 or over. vs. 33% over 50 in 2005), more members with PhDs (52% vs. 38%), 

386 more members employed in research (41% vs. 31%), and fewer female members (15% vs. 20%). 

387 It is thus reasonable to suggest the present sample is quite similar to the overall membership of 

388 the AMS, at least demographically. 

389 Second, our estimates of the proportion of AMS members who are convinced that global 

390 warming is occurring should be interpreted in light of an issue that arose regarding the time 
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391 frame of global warming that we asked about. We asked respondents specifically about global 

392 warming that occurred over the last 150 years. However, the findings of the 2007 IPCC Report 

393 state that human activity has been the dominant cause of warming since the mid-20th century 

394 (Core Writing Team et al,, 2007, p39). Six respondents sent emails to notify us that their answers 

395 would have been different if we had asked about the most recent 50-year time frame rather than 

396 the 150-year time frame; the time frame used in the question may have also influenced other 

397 respondents. Our results therefore may represent a more conservative estimate of the consensus 

398 on global warming than would have been obtained had we asked about a 50-year time frame. 

399 The relationships of the independent variables and global warming views may also have been 

400 affected by the time frame described, as we discuss further below, 

401 Confirmation of our four hypotheses shows that meteorologists' views about global 

402 warming observed in the last 1 50 years are associated with, and may be causally influenced by, a 

403 range of personal and social factors. In other words, the notion that expertise is the single 

404 dominant factor shaping meteorologists' views of global warming appears to be simplistic to the 

405 point of being incorrect. 

406 We found that perceived scientific consensus was the factor most strongly associated 

407 with AMS members' views about global warming. This suggests that scientists’ thinking on 

408 scientific topics may be subject to the same kinds of social normative influences that affect the 

409 general public. Rather than rationally weighing the evidence and deciding for themselves, as 

410 would be expected under more traditional ideas of scientific judgment, scientists may also use 

411 the views of a relevant peer group as a social cue for forming their own views. Our results are 

412 consistent with those of Lewandowsky et al. (20 1 3), who found that providing information on 

413 the scientific consensus increased the likelihood of members of the public agreeing that global 

414 warming was occurring. Our data are cross-sectional, rather than experimental as in 

415 Lewandowsky el al. (20 1 3), so we cannot be certain of the direction of the causal relationship 
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416 between perceived consensus and views on global warming for AMS members. Nevertheless, the 

417 findings of Lewandowsky et ai. (20!3) combined with our results suggest that perceived 

418 scientific consensus may have a substantial influence on AMS members’ global warming views. 

419 Political ideology was the factor next most strongly associated with meteorologists’ 

420 views about global warming. This also goes against the idea of scientists’ opinions being entirely 

421 based on objective analysis of the evidence, and concurs with previous studies that have shown 

422 scientists’ opinions on topics to vary along with their political orientation (Nisbet, 2011; 

423 Rosenberg et al., 2009). The result suggests that membere of professional scientific organizations 

424 have not been immune to influence by the political polarization on climate change that has 

425 affected politicians and the general public. 

426 We found expertise to be positively associated with meteorologists’ views about global 

427 warming, concurring with previous studies on the relationship between climate science expertise 

428 and global warming views (Doran & Zimmerman, 2009; Anderegg et ah, 2010). This result is 

429 contrary to that found by Kahan et al. (201 2b) in which members of the public with greater 

430 scientific literacy viewed climate change as a slightly less serious risk. The difference between 

431 the two studies is likely explained by the different measures of expertise. As opposed to 

432 comprehension of rudimentary scientific facts, knowledge acquired via graduate-level training 

433 and publishing in climate science does appear to increase the likelihood of viewing global 

434 warming as real, human-caused and harmful, if other factors are held constant. 

435 While we found that higher expertise was associated with a greater likelihood of viewing 

436 global warming as real and harmful, this relationship was less strong than for political ideology 

437 and perceived consensus. At least for the measure of expertise that we used, climate science 

438 expertise may be a less important influence on global warming views than political ideology or 

439 social consensus norms. More than any other result of the study, this would be strong evidence 
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440 against the idea that expert scientists’ views on politically controversial topics can be completely 

441 objective. 

442 Finally, we found that perceiving conflict at AMS was associated with lower certainty of 

443 global warming views, lower likelihood of viewing global warming as human caused, and lower 

444 ratings of predicted harm caused by global warming. This suggests that perceiving conflict 

445 w ithin the context of their professional society may have caused AMS members to withdraw 

446 from the issue of global warming by moderating their beliefs. In addition to individual-level 

447 factors such as expertise and ideology affecting views on global warming, the polarized 

448 discursive environment in which discussion of the issue takes place may be reducing the chances 

449 of widespread engagement with it (Schweizer et al., 2011). 

450 As our data are cross-sectional, we cannot rule out an alternative possibility for the causal 

451 direction of this relationship. Rather than perceived conflict influencing views of global 

452 warming, people with skeptical views on global warming might become relatively more likely to 

453 perceive conflict at the AMS. Nevertheless, the significant relationships obtained in this study 

454 are enough to warrant further investigation of the possibility of increasing engagement through 

455 resolving conflicts at AMS. 

456 As we mentioned above, asking about a 1 50-year time frame rather than a 50-year time 

457 frame may also have changed the strength of the relationships between global warming views 

458 and other variables. For example, expertise may have been a stronger predictor of views on 

459 human causation if we had asked about a shorter timeframe. Because the evidence for human 

460 causation is much stronger for the last 50 years (Core writing team et al., 2007), we would expect 

461 experts, who are presumably familiar with this evidence, to be substantially more likely to view 

462 global warming in this period as human-caused than non-experts who were not familiar with the 

463 evidence. Conversely, the evidence is weaker for human causation over the past 1 50 years, and 
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464 experts’ familiarity with this weak evidence would be less likely to lead to viewing climate 

465 change as human-caused. The importance of the other independent variables - perceived 

466 consensus, political ideology, and perceived conflict - we would predict to remain largely 

467 unchanged. Because these variables are not postulated to affect global warming views through 

468 direct knowledge of scientific evidence, changing a scientific detail (the 1 50-year timeframe) 

469 should not affect the influence these variables have on global warming views. 

470 Although we believe our research raises more important questions than it answers, we do 

471 see some important practical implications of our findings. First, the strong relationship between 

472 perceived scientific consensus and other views on climate change suggests that communication 

473 centered on the high level of scientific consensus may be effective in encouraging engagement 

474 by scientific professionals. This exploration of views of the consensus could be accomplished via 

475 town hall style events at professional society meetings, where participants’ responses to 

476 exploratory questions are aggregated and presented back to the group for reflection, discussion 

477 and dialogue. It could also be accomplished via “world cafe”-style discussion events (Brown & 

478 Isaacs, 2005), such as that conducted recently by the Washington DC chapter of the AMS. 

479 Second, the relationship between political ideology and global warming views suggests 

480 that those wishing to encourage engagement should find a way to address the political 

481 differences that are likely to exist between those with different views on climate change. One 

482 way to do this could be to recognize and affirm the value of all members’ political views prior to 

483 discussions of climate science. Discourse that affirms the value of diverse worldviews has shown 

484 potential to promote less polarized discussion of scientific issues where ideology has influenced 

485 differences of opinion, such as climate change (Kahan et al., 2012a). 

486 Third, engagement efforts should include refutation of the idea that members who do not 

487 share the consensus view' in climate science are lacking in expertise, A substantial number of 

488 expert AMS members - 22% of the most expert group in our sample - do not subscribe to the 
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489 position that global warming is mostly human-caused. Climate experts are not completely 

490 homogenous in their views on global warming, just as climate skeptics have been shown to have 

491 a variety of nuanced opinions (Hobson & Niemeyer, 2013). Any suggestion that all those with 

492 non-majority views simply need to be “educated” is inaccurate and likely to be insulting to a 

493 substantial number of AMS members. Discussion based on an understanding that views are more 

494 nuanced would be more productive. 

495 Fourth, efforts to increase engagement with climate change will have minimal effects if 

496 they focus on increasing climate science knowledge alone. Although higher expertise is 

497 associated with increased tendency to view climate change as real and harmful, the increase 

498 resulting even from major gains in expertise - such as that associated with obtaining a PhD - 

499 seems to be quite modest. Increases in knowledge obtained through short-term campaigns are 

500 likely to be even smaller. For this reason, engagement campaigns should attempt to deal with 

501 other important factors such as consensus and political ideology as well as purely scientific 

502 information. 

503 Finally, AMS and other organizations seeking to enhance the climate change readiness of 

504 the meteorology community should find ways to acknowledge and deal with the conflict. This 

505 may improve relations between members - a worthy goal in itself- and higher levels of 

506 willingness to engage with climate change may also result. Recently, the AMS CICCC and other 

507 of this article’s authors have been involved in exploratory conflict analysis and mediation 

508 workshops with AMS members and other groups of meteorologists; the results to date of those 

509 efforts have been promising (Schweizer et al., 20 1 1 ; Schweizer et al., in press). Given the 

510 importance of the issue, continuing these efforts and/or exploring alternative conflict analysis 

511 resolution methods would appear to be a worthy priority. 
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512 In conclusion, given the potential for human society and the earth’s eco-systems to be 

513 harmed by climate change, it is imperative that members of the scientific community - and the 

514 professional societies that represent them - take all reasonable measures to ensure that what is 

515 known about the risks, and about options for managing those risks, are shared with decision 

516 makers who should be considering that information. While the difficulties of doing this are 

517 widely acknowledged (Pidgeon & Fischhoff, 2011), the problem is often attributed to the 

518 difficult dynamics associated with external communication, i.e,, sharing complex scientific 

519 information with the broader community. Our research suggests that there are also important 

520 dynamics associated with internal communication, i.e., sharing information and coming to 

521 consensus within the scientific community. 
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537 Appendix 

538 Text of Follow-up Email 

539 Dear fellow AMS member, 

540 

541 You graciously participated in a survey that I sent you in late December, 2011 on behalf of the 

542 AMS Committee to Improve Climate Change Communication. Thank you. 

543 

544 It has become clear that one question on the survey included an answer option that is difficult to 

545 interpret without additional information. 

546 

547 That question - and its answer options - was: 

548 

549 Do you think that the global warming that has occurred over the past 1 50 years has been 

550 caused... 

551 

552 a) Mostly by human activity 

553 

554 b) More-or-less equally by human activity and natural events 

555 

556 c) Mostly by natural events 

557 

558 d) I do not believe we (scientists) know enough yet to determine the degree of human or natural 

559 causation, even in the general terms stated in the categories above 

560 

561 e) 1 don't know 

562 

563 You answered (d), the response option that we don't know how to interpret. We are hoping to 

564 clarify what you meant by asking you one additional question. 

565 

566 Do you think human activity has contributed to the global warming that has occurred over the 

567 past 150 years? 

568 

569 Yes 

570 No 

571 Don't Know 

572 

573 

574 Please reply to this email by typing one of the following: Yes, No, or Don't Know. 

575 

576 If you wish to add an explanation of your answer feel free to do so, but please begin your reply 

577 with only "Yes," "No," or "Don't Know," 

578 

579 Thank you very much for taking the time to do this. 

580 

581 Best Regards, 

582 

583 Edward Maibach, MPH, PhD 

584 University Professor & Director 



264 


585 Center for Climate Change Communication 

586 George Mason University, Mail Stop 6A8 

587 Fairfax, VA 22030 

588 703.993.1587 

589 emaibach@gmu.edu 

590 http://climatechange.gmu.edu 
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712 Table I. Meteorologists’ assessment of human-caused global warming by area and level of 

713 expertise. Figures are percentages rounded to the nearest whole number. Numbers in the bottom 

714 four rows represent percentage of respondents giving each possible response to the follow-up 

715 email question, including non-response to the email (labeled “insufficient evidence - unknown”). 

716 These responses together add to the same number as displayed in the insufficient evidence (total) 

717 row; some differences occur due to rounding. Similarly, columns total to 1 00% if all numbers 

718 except those in the bottom four rows are added, and dilferences from 1 00 are due to rounding. 

719 Although 1 854 people completed some portion of the survey, this table only displays the results 

720 for 1 821 respondents, since 33 (less than 2% of the sample) did not answer one or more of the 

721 questions on expertise and global warming causation. 
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A Summary and Comparison of Bird Mortality from 
Anthropogenic Causes with an Emphasis on Collisions^ 

Wallace P. Erickson, Gregory D. Johnson,^ and David P. Young Jr.^ 


Abstract 

We estimate that from 500 miUion to possibly over 1 
billion birds are killed annually in the United Slates 
due to anthropogenic sources including collisions with 
human-made structures such as vehicles, buildings and 
windows, power lines, communication towers, and 
wind turbines; electrocutions; oil spills and other con- 
taminants; pesticides; cat predation; and commercial 
fivShing by-catch. Many of the deaths from these sour- 
ces would be considered unlawful take under federal 
laws such as the Endangered Species Act, Migratory 
Bird Treaty Act, and the Bald and Golden Eagle Pro- 
tection Act. In this paper, we summarize this literature 
and provide the basis for the mortality projections for 
many of the apparent significant sources. Most of the 
mortality projections are based on small sample sizes, 
and on studies typically lacking adjustments for scav- 
enging and searcher efficiency biases. Although the 
estimates for each source often range by an order of 
magnitude, the cumulative mortality from all these 
sources continues to be a concern. 


Key Words: avian mortality, avian fatalities, collisions, 
communication towers, contaminants, electrocutions, 
fishing by-catch, power lines, vehicles, wind turbines. 


Introduction 

All taxonomic groups of birds are subjected to 
significant human-caused mortality. Most of the 
anthropogenic-caused bird mortality would be consi- 
dered unlawful take under the Migratory Bird Treaty 
Act, Endangered Species Act, and Bald and Golden 
Eagle Protection Act. The recently well-publicized 
prosecution of a utility for Golden Eagle {Aquila 
chrysaetos) electrocutions in Colorado by the United 
States Fish and Wildlife Service has increased the 
awareness of these issues (Manvilie this volume a). 
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Collisions with artificial structures are a significant and 
well-documented source of bird mortality. Bird 
collisions with artificial structures and associated 
fatalities have been documented in the United States 
(US) since the late 1880s (Crawford and Engstrom 
2000). A large amount of published and unpublished 
literature exists on avian collisions with artificial 
structures and vehicles. Bird mortality associated with 
pesticides, oil spills, oil pools, and other contaminant 
sources have also received significant attention. 
Domestic and feral cats have also been considered a 
major source of anthropogenic-caused mortality with 
estimates near 100 miUion annual bird deaths. 
However, calculating accurate numbers of bird 
fatalities associated with any of these sources is 
difficult due to limitations in the scope of most mor- 
tality studies, as compared to the extensive divStribution 
and extent of these sources. Some individual studies 
have been well designed to obtain accurate fatality esti- 
mates for the particular structure{s) investigated (e.g., 
Kemper 1996, Johnson el al. 2002); however, most 
studies that are available for making these estimates 
lack standardized methods for searching, and often do 
not consider sources of bias, such as scavenging and 
searcher efficiency. 

Many of the studies are limited to documenting avian 
collisions at a particular season or location. For exam- 
ple, many of the studies are limited to fall migration 
periods. Furthennore, many of the studies were con- 
ducted In response to suspected or actual large mortal- 
ity events, and focus on areas where the number of 
fatalities may be unusually high. For example, many 
power line studies involved monitoring fatalities asso- 
ciated with lines near wetlands with high waterfowl 
use. In many cases, fatality estimates derived from data 
reported in the available literature would most likely be 
an over-estimate of the tnie mortality. Estimating the 
annual fatality rate for any of these sources requires a 
random or at least representative sample of experimen- 
tal units (e.g., buildings, communication towei^, miles 
of road, number of agricultural fields) with infonnation 
replicated across time, but due to obvious logistical and 
financial constraints, a large representative sample of 
experimental units for each source has not been 
studied. 

We did not attempt to develop our own estimates of 
avian mortality from sources other than wind turbines 
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due to the lack of standardized information. We f^l 
that the available data cannot be used to make 
projections based on averages of individual estimates. 
Instead, we have updated previous estimates provided 
in the literature based on increases in the number (e.g., 
buildings) or extent of collision sources. Although the 
many difficulties in making fatality projections is wide- 
ly recognized, the shear magnitude of these projections 
should continue to bring an awareness and concern to 
anthropogenic-caused bird mortality. 


Sources of Biases in Estimating 
Fatality Rates 

Determining the extent of wildlife mortality due to 
environmental perturbations such as oil spills or due to 
collisions with structures such as power lines, build- 
ings, communication towers, or wind plants is a dif- 
ficult sampling and estimation problem (Erickson et al. 
2000a, 2001). Biases associated with observer detec- 
tion and scavenging rates can lead to biased mortality 
estimates (Morrison 2002). Observers conducting 
searches for carcasses often may not detect some of the 
carcasses for various reasons including dense vegeta- 
tive cover, size of carcass and cryptic coloration of the 
carcasses. During fatality sUidies at the Buffalo Ridge 
wind plant in southwest Minnesota, the proportion of 
carcasses detected by observers, (i.e., searcher effi- 
ciency rates) for small birds (e.g.. most passerines) was 
estimated at 30 percent when averaged across several 
habitat types (e.g., plowed field, com, wetland, CRP/ 
grassland) and across spring, summer and fall seasons 
(Johnson el al. 2002). In contrast, searcher efficiency 
rates for small birds at the Foote Creek Rim wind plant. 
Wyoming in short grass prairie habitat was 57 percent 
(Young et al. 2003). Searcher efficiency rates for large 
birds (e.g., waterfowl and raptors) were 49 percent on 
average at Buffalo Ridge, but over 90 percent at Foote 
Creek Rim. Similar protocols for searching (transect 
widths, etc.) were used at both sites. Comparisons of 
fatality rates at Foote Creek Rim and Buffalo Ridge 
that unadjusted for searcher efficiency would be very 
misleading. 

Estimated disappearance or scavenger removal rates 
vary significantly in the literature. Nearly 80 percent 
(79.2) of the chicks placed in a mixed grazed pasture 
were removed within 24 hr of being placed (Wobeser 
and Wobeser 1992). In Maryland, approximately 75 
percent of 78 trial carcasses placed in agricultural 
fields were removed in the first 24 hr (Balcomb 1986). 
During a study at a TV tower in Florida, 93 percent of 
157 birds purposely placed underneath the tower at 
dusk to monitor predation were partially or completely 
removed by the next morning (Crawford 1971). In 
France, Pain (1991) estimated duck carcasses lasted an 


average of 1.5 d in open habitats, whereas those con- 
cealed by vegetation or those in water lasted between 
3.3 and 7.6 d. In one orchard during this study, sca- 
vengers removed all 25 of the placed carcasses within 
24 hr, with lower rates in the other orchards studied. At 
the Vansycle wind plant in Oregon, small carcasses or 
evidence of the carcass (e.g., feather spot) lasted an 
average of 15.0 d, and large carcasses lasted on average 
longer than 28 d (Erickson et al. 2000b). At the Buffalo 
Ridge wind plant, small carcasses persisted an average 
of 4.7 d, whereas small birds at Foote Creek Rim 
persisted 12.2 d. Disappearance rates also likely vary 
by species or avian group. For example, it is speculated 
that raptor carcasses last longer than other large bird 
carcasses such as game birds and waterfowl, although 
limited empirical data exist to test this hypothesis. 

Carcass detection rates and scavenging rates do vary 
among sites, habitats, seasons and sizes of birds. Com- 
parison of fatality rates that are not adjusted for these 
two primary sources of bias can be very misleading. 
Differences in observed fatality rates may only reflect 
true differences in scavenger densities or carcass detec- 
tion rates. Many, if not most of the studies of bird mor- 
tality we present below, do not account for the biases 
described above. The following sections provide a re- 
view of studies of mortality for collision sources such 
as power lines, buildings and windows, communication 
towers and wind turbines. 


Collision Mortality 

Avian Mortality Due to Collisions with 
Automobiles, Trains, and Airplanes 

Study examples 

Although several studies have been conducted in 
Europe (e.g., Finnis I960, Hodson 1962, Dunthorn and 
Errington 1964, Hodson and Snow 1965, Hugues 
1996), we found relatively few documents that reported 
vehicle-related avian mortality in the United States. In 
Illinois, Decker (1987) traversed a 4.4-mile (7 km) 
stretch of road daily and estimated mortality at 33 birds 
per mile per year (21 birds/km/year). The most com- 
mon fatalities were passerines or other small birds, 
including Yellow-billed Cuckoo (Coccyziis american- 
us). Blue Jay {Cyanocitta cristala). Red-winged Black- 
bird {Agelaius phoeniceus), and Indigo Bunting 
{Passerina cyanea). In Ontario, Canada, Ashley and 
Robinson (1996) searched a 2.2 mile (3.6 km) stretch 
of road located near wetlands three days a week and 
calculated that 223 birds were killed per mile per year 
(139 blrds/knv'year), most of which were passerines. 
No adjustments were made for searcher efficiency or 
scavenger removal in either of these studies. 
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From 1969 to 1975, Case (1978) searched the entire 
length of Interstate 80 in Nebraska (458 miles, 732 km) 
and documented a total of 7,195 Ring-necked Pheasant 
{Phasianus colchicus) vehicle collision fatalities. 
Based on finding 562 dead ducks over a 10-year 
period, Sargeant (1981) estimated that vehicles killed 
an average of 13,500 ducks each year in the prairie 
pothole regions of North and South Dakota. Mean 
annual mortality of ducks was estimated to be 0.250 
ducks per mile (0.156 ducks/km) of interstate, 0.008 
ducks per mile (0.005 ducks/km) of unsurfaced roads, 
and 0,042 ducks per mile (0.026 ducks/km) for all road 
types combined. Although the number of fatalities 
appears high, it was estimated to represent less than 0.2 
percent of the breeding population in the study area. 
Much lower mortality was documented during other 
studies. McClure (1951) documented only four road- 
killed ducks while driving 76.250 miles (122,000 km) 
of road in Nebraska. In Minnesota, Sargeant and 
Forbes (1973) found only three road-killed ducks along 
17 miles (27 km) of roads driven almost daily for an 
18-month period. Raptors also appear susceptible to 
vehicle collisions in some areas. Based on driving sur- 
veys over a 10-year period in New Jersey, Loos and 
Kerlinger (1993) estimated that 25 raptors were killed 
per year within a 90-mile (145 km) survey route. Most 
of the fatalities were owls; however, six species of 
hawks were also found aniong road fatalities. 

Annual mortality predictions 

Banks (1979) summarized several studies and reported 
estimates of avian fatality rates ranging from 2.7 to 6.1 
deaths per mile of road per year to 60 to 144 bird 
fatalities per mile per year. From U.S. studies reported 
in Banks (1979), use of the minimum (2.7) and maxi- 
mum (96.25) reported values for bird deaths per mile 
yields estimates of 10.7 million to 380 million annual 
bird deaths on U.S. roads. Banks (1979) estimated total 
annual avian road mortality to be 57.2 million. This 
figure was derived from the estimate of 15.1 bird fatali- 
ties per mile reported by Hodson and Snow (1965), 
who conducted a fairly extensive study in England, al- 
though no scavenging or searcher efficiency bias was 
considered which would result in an underestimate of 
true fatality rates. The U.S. Census Bureau (Statistical 
Abstract of the United States 1999) estimated 
3,944,597 miles of road in the US in 1997. Using this 
number to update Banks’ estimate yields a 1997 
estimate of approximately 60 million avian fatalities on 
U.S. roadways annually. The number of registered 
vehicles has increased 35 percent from 1980 to 1998 
alone, so an alternative estimate would be 1.35 times 
60 million, or approximately 80 million avian fatalities. 
It is believed that some of the mortality observed along 
roads is actually caused by collisions with adjacent 
power and telephone lines (C.J. Ralph, pers. comm.). 


Although most avian fatalities caused by vehicles occur 
on roadways, avian collisions also occur with trains 
(Spencer 1965) and aii^lanes. Avian collisions with 
airplanes present a significant hazard to both military 
and commercial aircraft. The Federal Aviation Admin- 
istration (FAA) keeps records of avian collision strikes 
involving aircraft in the US. In 1998, the U.S, Air 
Force reported over 3,500 bird strikes by planes, and it 
is estimated that civil aircraft strike over 25,000 birds 
per year. Data collected from 1990 to 1999 indicate 
that gulls (31 percent), waterfowl (31 percent) and 
raptors (15 percent) comprised 77 percent of the re- 
ported bird strikes causing damage (Bird Strike Com- 
mittee USA 2000). No estimates for train-caused avian 
mortality were found In the literature. It is likely that 
train collisions also result in several thousand bird 
deaths annually in the United States. 

Avian Mortality Due to Collisions with 
Buildings and Windows 

Study examples 

Numerous studies have documented extensive avian 
collision mortality associated with buildings and simi- 
lar structures such as smokestacks or monuments. Fa- 
talities associated with buildings are usually the result 
of collisions with tall buildings and collisions with 
windows at residential houses. Studies may be divided 
into two categories, studies of short-temi or episodic 
mortality events, and longer-term studies. Some mor- 
tality events at tall buildings have involved extensive 
numbers of birds. At one oil flare stack in Alberta, 
1,393 dead birds comprised of 24 species of passerines 
were found over a 2-day period in May 1980 (Bjorge 
1987). Over a 3-day period in October 1964, Case et al. 
(1965) searched several buildings in Florida and re- 
covered 4,707 dead birds, most of which were pas- 
serines. Also in Florida, Maehr et al. (1983) searched 
the base of four smokestacks over a 2-day period in 
September and recovered 1,265 dead passerines. The 
authors estimated that 5,000 birds might have collided 
with the structures during this period. In the fall of 
1970, 707 dead birds were documented below the 
Empire State Building in New York (Bagg 1971). 
Extensive numbers of nocturnal migrant fatalities have 
also been documented at the Washington Monument in 
Washington, D.C. (Overing 1936). From October 5-8, 
1954, 9,495 dead birds (mostly passerines) were found 
at 25 tall buildings in the eastern and southern US 
following a cold front during fall migration, and it was 
estimated that 106,804 birds were actually killed 
(Johnston and Haines 1957). 

Several long-tenn studies have documented the chronic 
nature of collision mortality associated with some 
buildings (Erickson et al. 2001). Over a 3-year period 
in Toronto, Ontario, Ogden (1996) counted 5,454 dead 
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birds at 54 tal! glass buildings and estimated that 733 
birds (mostly passerines) were killed per building per 
year. Following nights with inclement weather condit- 
ions, Taylor and Kershner (1986) searched one build- 
ing in Florida from 1970 to 1981 and documented 
5,046 avian fatalities comprised of 62 species, the 
majority of which were passerines. Two smokestacks 
in Citrus County, Florida were searched five times per 
week from 1982 to 1986, and 2,301 dead birds were 
found (Maehr and Smith 1988). From this, the authom 
estimated that 541.4 birds were killed per year. Fatali- 
ties included 50 species, most of which were neo- 
tropical migrant passerines. Daily searches of two 
smokestacks in Ontario, Canada over a 4-year period 
yielded 8,531 dead birds. Again, most of these were 
passerines (Weir 1976). 

Kiem (1990) searched two houses in Illinois and New 
York daily from 1974 to 1986. A total of 100 dead 
birds were found at the houses, and the author esti- 
mated that 55 percent of window collisions result in 
death. Over the 1989-1990 winter, 5,500 residential 
houses in the U.S. were searched for dead birds using a 
standardized procedure, and a total of 995 dead birds 
were found (Dunn 1993). The author estimated that an 
average of 0.85 birds are killed per house each winter 
based on actual mortality ranging from 0.65 to 7.7 
birds per house per year. The fatalities were comprised 
of 66 species, most of which were passerines common- 
ly found at feeders during the winter. 

Annual mortality predictions 

In 1995 tliere were an estimated 4,579.000 commercial 
buildings (warehouse, religious/worship, public assem- 
bly, offices, mercantile/services, lodging, health care, 
food sales, education) in the United States (Statistical 
Abstract of the United States 1999), Kiem (1990) re- 
ported there were 93.5 million residential houses in 
1986. Due to the large number of structures in this 
class, and only a few good studies, it is difficult to 
obtain very accurate fatality estimates for the US. Most 
of the building and window collision data come from 
studies of known or suspected problem structures. 
Accurately predicting the number of building-related 
avian fatalities would require random selection of 
numerous buildings of all types and sizes, followed by 
long-term standardized and systematic searches for 
dead birds. 

Banks (1979) acknowledged a lack of information on 
building and window collision mortality, and estimated 
3.5 million avian fatalities per year based on an ar- 
bitrary estimate of 1 bird fatality per square mile in the 
US. An estimate of 97.6 to 976 million bird deaths per 
year in the U.S. due to collisions with windows was 
based on an estimated 1 to 10 bird deaths per stracture 


per year from a fatality study in New York (Kiem 
1990). 

Avian Mortality Due to Collisions with 
High Tension Lines 

Study examples 

Concern over avian collisions with high-tension lines 
has existed at least since 1876, when Coues (1876) 
counted approximately 100 avian carcasses (primarily 
Homed Larks {Eremopbila alpestris) beneath a 3-mile 
long (4.8 km) section of telegraph wire between Den- 
ver, Colorado, and Cheyenne, Wyoming. Since then, 
there have been numerous studies of power line col- 
lisions involving birds. Faanes (1987) searched 6 miles 
(9.6 km) of power lines in North Dakota in the spring 
and fall of 1977 and 1978. Based on a total of 633 dead 
birds found, he estimated that 200 avian fatalities per 
mile per year ( 1 25 birds/km/yr) were occurring at those 
sites. The power lines included in the study were lo- 
cated near wetlands or lakes and most of the fatalities 
consisted of waterbirds (46 percent) and waterfowl (26 
percent), followed by shorebirds (8 percent), and pas- 
serines (5 percent). 

For some types of birds, power line collisions appear to 
be a significant source of mortality. Waterfowl band 
recovery data collected prior to 1967 indicated that 
powerline strikes were responsible for 65 percent of the 
collision fatalities involving 3,015 banded birds (Stout 
1967). Of 75 Trumpeter Swan (Cygnus buccinator) 
deaths recorded from 1958 to 1973, 19 percent of the 
fatalities were due to powerline collisions (Weaver and 
St. Ores 1974). During a 2-year study of Mute Swans 
(C. ohr) in Rhode Island, Willey (1968) found that 
26.7 percent of adult fatalities were due to collisions, 
mostly with powerlines. 

Annual mortality predictions 

The U.S. electrical energy system includes more than 
500,000 miles (800,000 km) of bulk transmission lines 
(Edison Electric Institute 2000). Estimates for the total 
length of distribution lines (power lines to residences 
and businesses) in the US could not be found in the 
literature, but are far greater than for bulk transmission 
lines. Estimates of avian fatalities due to collisions with 
high-tension lines are lacking due to minimal monitor- 
ing efforts on a large-scale basis. As with most other 
sources of collision mortality, most monitoring and/or 
studies are conducted in response to a known or per- 
ceived problem, and few data have been collected at 
randomly-chosen sites. Based on the limited studies, 
waterfowl including ducks, geese, swans, cranes, and 
shorebirds appear to be most susceptible to collisions 
when powerlines are located near wetlands. In upland 
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habitats away from wetlands, raptore and passerines 
appear most susceptible to collision. 

In the Netherlands, where approximately 2,875 miles 
(4,600 km) of high-tension lines are present, Koops 
(1987) estimated that approximately 750,000 to I mil- 
lion birds are killed annually by collisions based on 
variation in extrapolation made in three other Nether- 
lands studies. Estimates in all three studies were in the 
same order of magnitude. The latter study estimated 
(unadjusted for scavenging and searcher efficiency) 
1 13 fatalities per km of high tension line in grasslands, 
58 fatalities per km of high tension line in agricultural 
lands, and 489 fatalities per km of high tension line 
near river crossings. We use the mean estimate (ad- 
justed for scavenging and searcher efficiency bias) of 
750,000/2,875 = 261 /mile of high tension line. Extra- 
polating the mid-range of this estimate to the 500,000 
miles (800,000 km) of bulk transmission lines in the 
United States would lead to a fatality estimate of 
approximately 130 million birds per year. Given the 
large, but unknown number of miles of power and 
other high tension lines in the U.S., and the lack of 
standardized data in the U.S., this estimate may be off 
by an order of magnitude or more. 

Avian Mortality Due to Collisions with 
Communication Towers 

Study examples 

Substantial concern over the recent proliferation of 
communication towers in the U.S. has arisen in res- 
ponse to large fatality events, such as an estimated kill 
of 5,000 to 10,000 birds, mostly Lapland Longspurs 
{Calcahus lapponicus), at 3 associated communication 
towers and a natural gas pumping facility in western 
Kansas on the night of January 22, 1998 (Evans 1998). 
Large, single-night fatality events are not new. Kemper 
(1996) counted and identified specie.s for over 12,000 
birds killed one night in 1963 at a telcvi.s!on tower in 
Wisconsin. As a result of this concern, avian collision 
mortality associated with communication towers has 
received more study and review than other sources of 
collision mortality, with the possible exception of wind 
turbines. During our review we located numerous stu- 
dies covering avian collision mortality with commun- 
ication towers in 25 states. The vast majority of the 
studies were one-day searches at single towere follow- 
ing nights of substantial avian mortality. Most avian 
fatalities at communication towers involve nocturnal 
migrant passerines, especially warblers, vireos, and 
thrushes. 

Erickson et al. (2001) reported on 17 studies where 
collision mortality was measured for periods of time 
ranging from one to 38 years. For studies conducted 
over a period of at least two years, with searches 


conducted on a daily or almost daily basis, the estimat- 
ed mean number of annual collisions per tower ranged 
from approximately 82 birds per year at an 825-ft (250- 
m) tall television tower in Alabama (Bierly 1968, 1969, 
1972; Remy 1974, 1975; Cooley 1977) to 3,199 birds 
per year at a 1,000-ft (305-m) tower in Eau Claire, 
Wisconsin (Kemper 1996). Very few of these studies 
measured scavenger removal and searcher efficiency. 
The research at Eau Claire, Wisconsin, was the longest 
study conducted at any one tower and covered the 
period from 1957 to 1994 (38 years). Two other 
continuous studies at individual communication towers 
include a study from I960 to 1997 (37 years) at a 
i,368-ft (4I7-m) tower in Nashville, Tennessee (Neh- 
ring 2000), and another study that took place at a 
1,010-ft (308-m) tower from October 1955 to Decem- 
ber 1983 (28 years) at Tall Timbers Research Station in 
Tallahassee, Florida (Crawford and Engstrom 2000). 
At the Tennessee tower, 19,880 fatalities were recov- 
ered over the 37-year period. At the Florida tower, 
1 ,5 1 7 birds on average were killed per year. 

Annual mortality predictions 

Based on the July 2002 statistics from the Federal 
Communication Commission’s (FCC) Antenna Struct- 
ure Registry Database (FCC 2002), more than 138,000 
towers were listed with the Commission, of which 
some 106,000 were lighted. Since an undetermined 
number of towers are not registered with the FCC, and 
the number of new towers are increasing at a high rate 
(Manville this volume a), the total number of com- 
munication towers may be as high or higher than 
200,000. Numerous types of towers are being built, in- 
cluding radio, television, cellular, microwave, paging, 
messaging, open video, public safety, wireless data, 
government dispatch, and emergency broadcast towers 
(Manville this volume a). Due to the recent prolifer- 
ation of cellular phones and the advent of digital televi- 
sion, approximately 5,000 to 10,000 new towers are 
being added each year (6-8 percent increase annually). 
Some have estimated there will be a total of 600,000 
towers in the United States within the next 10 years, 
creating a potentially catastrophic impact on avian 
migrants (M. Manville, pers. comm.). Avian mortality 
appears to increase with tower height. Taller towers 
also tend to have more guy wires and more lights, often 
more solid or pulsating red lights, which may increase 
the potential for collision mortality. 

Most lighted towers are lit due to FAA pilot warning 
regulations. On foggy or low cloud-ceiling nights, 
these lighted towers appear to attract neotropical noc- 
turnal migrants (Manville 2000, Keriinger 2000), in- 
creasing the risk of collision. Lighting appears to be the 
single most critical attractant, and preliminary research 
indicates that solid and pulsating red lights seem to be 
more attractive to birds at night during inclement 
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weather conditions than are white strobe lighte. It is 
speculated that the birds are attracted to the lighted 
towers, become disoriented and fly around them in a 
spiral, colliding with the tower, the guy wires, other 
birds, or falling to the ground in exhaustion (Larkin 
and Prase 1988, M. Manville, pers. comm.). 

There are very' few long-term studies of avian mortality 
at communication towers, although tliere are concerted 
efforts by both the industry and other interested parties 
to begin collecting standardized data and using stan- 
dardized metrics following the methods and metrics 
recommended and used at many wind power plants 
(Anderson et al. 1999). Currently, much of the pub- 
lished and unpublished information regarding avian 
fatalities at communication towers is based on single 
observations of carcasses found at the base of the 
towers (Erickson et al. 2001). Based on estimates of 
Banks (1979) and models developed by Tali Timber 
Research and Bill Evans (M. Manville, pers, comm.), 
conservative estimates range from 4 million to 5 mil- 
lion avian fatalities per year (Manville this volume a). 
These estimates could be off by an order of magnitude, 
especially as the number of towers increases at a high 
rate each year (Manville this volume a). Further studies 
are obviously needed to ascertain the tnie impact. 

Avian Mortality Due to Collisions with 
Wind Turbines 

Study examples 

Many of the early studies of bird mortality at wind 
plants involved examining impacts associated with 
single, large experimental turbines. The first study took 
place in Sandusky, Ohio, where a single large turbine 
was monitored for avian mortality during four migrat- 
ory seasons. Two dead birds were found during this 
period (Gauthreaux 1994). Two large experimental 
turbines and a meteorological tower in Wyoming were 
monitored for avian mortality in the early 1980s. 
Twenty-five fatalities were found over a one-year per- 
iod, most of them involving passerines that had col- 
lided with guy wires on the meteorological tower (U.S. 
Bureau of Reclamation 1984). At a single, 60-m tower 
wind turbine in Solano County, California, seven 
fatalities were documented from September 1982 to 
January 1983, and the total fatality estimate with 
adjustments for scavenger removal and searcher effic- 
iency was estimated at 54 birds (Byrne 1983, 1985). 

Most of the concern over bird mortality from wind 
turbines began at one of the first large-scale wind 
energy developments in the US In response to several 
reported incidents of avian collisions, the California 
Energy Commission (CEC) obtained data on bird 
strikes at the Altamont and Tehachapi wind plants in 
California through interviews and review of unpub- 


lished data collected over a 4-year period from 1984 to 
1988 (CEC 1989). This study documented 108 raptor 
fatalities of seven species. Collisions with wind plant 
stracfrires accounted for most of the avian fatalities (67 
percent), including 26 Golden Eagles and 20 Red-tailed 
Hawks (Buteo jamaicensis), while collision and elec- 
trocutions associated with power lines comprised the 
majority of the other fatalities. Several subsequent 
studies were initiated to further examine fatalities at 
California wind plants. Many of these studies have 
been conducted at Altamont Pass, where more than 
5,000 turbines exist within the WRA. In general, these 
studies focused on obtaining raptor fatality estimates 
with other bird fatalities recorded coincidentally. An 
early 2-year study documented 182 bird deaths on 
study plots, 68 percent of which were raptors and 26 
percent of which were passerines. The most common 
raptor fatalities were Red-tailed Hawk (36 percent), 
American Kestrel (Falco span'arius) (13 percent), and 
Golden Eagle (1 1 percent). Causes of raptor mortality 
included collisions with turbines (55 percent), elec- 
trocutions (8 percent), and wire collisions (11 percent) 
(Orloff and Flannery 1992). Based on the number of 
dead birds found, the authors estimated that as many as 
567 raptors may have died over the 2-year period due 
to collision with wind turbines. Further investigations 
at Altamont continued to document levels of raptor 
mortality sufficient to cause concern among wildlife 
agencies and others (Orloff and Flannery 1992, 1996; 
Howell 1997). 

Raptor mortality at other older wind plants in Calif- 
ornia is apparently less that what has been observed at 
Altamont. Researchers estimated 6,800 birds were kill- 
ed annually at the San Gorgonio wind facility (more 
than 3000 turbines) based on 38 dead birds found while 
monitoring nocturnal migrants at a small sample of tur- 
bines. McCrary et al. (1983, 1984) estimated that 69 
million birds pass through the Coachella Valley an- 
nually during migration; 32 million in the spring and 
37 million in the fail. The 38 avian fatalities were 
comprised of 25 species, including 15 passerines, seven 
waterfowl, two shorebirds, and one raptor. Considering 
the high number of passerines migrating through the 
area relative to the number of passerine fatalities, the 
authors concluded that this level of mortality was bio- 
logically insignificant (McCrary et al. 1986), although 
the mortality estimates were based on a small sample 
size. During a more recent study at San Gorgonio, 
(Anderson, pers. comm.) documented 58 fatalities near 
wind turbines, including fifteen doves (mostly Colum- 
ba liviaX five waterfowl, seven rails (mostly American 
Coot {FuUca americana]), seven passerines, four gulls, 
three owls, two ravens, one diurnal raptor, one egret, 
and eleven unidentified birds. The waterfowl, rail and 
shorebird mortality generally occurred when water was 
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present in the vicinity of the wind resource area, 
attracting large numbers of waterfowl and shorebirds. 

The high levels of raptor mortality associated with the 
Altamont wind plant has not been documented at 
newer wind plants constructed in other states {table 1). 
We discuss three wind resource areas that have been 
monitored for mortality and have included adjustments 
for scavenging and searcher efficiency bias (Osborn et 
al. 2000, Johnson et al. 2002, Young et al. 2003, 
Erickson et al. 2000b), although other studies listed in 
table 1 include Erickson et al. 2003a and 2003b, Howe 
et al. 2002, Nicholson 2003 and Johnson et al. 2002. 

Several studies have been conducted at the Buffalo 
Ridge wind resource area, which is located an agricul- 
tural landscape in southwestern Minnesota. At the 73- 
turbine Phase I wind plant, eight collision fatalities 
were documented during the initial two-year period of 
operation {Osborn et al. 2000). The fatalities consisted 
of one Ruddy Duck {Oxyura jamaicensis), one 


Franklin’s Gull {Larus pipixcan), one Yellow-bellied 
Sapsucker (Sphyrapicus variiis), and four passerines. 
The estimated total number of annual fatalities for the 
entire wind plant was 36, equivalent to an annual mean 
of 0.49 collisions per turbine per year. A more exten- 
sive study of this wind plant plus two additional wind 
plants on Buffalo Ridge totaling over 350 turbines was 
conducted from 1996 through 1999. Total annual mor- 
tality was estimated to average 2.8 birds per turbine 
based on the 55 fatalities found during the study. Only 
one raptor, a red-tailed hawk, was found during the 4- 
year monitoring period. Most of the fatalities were 
passerines (76.4 percent), followed by waterfowl (9.1 
percent), waterbirds and upland gamebirds (5.5 percent 
each). Many of the fatalities documented were noctur- 
nal migrants (Johnson et al. 2002). Radar studies at 
Buffalo Ridge (Hawrot and Hanowski 1997) indicate 
that as many as 3.5 million birds per year may migrate 
over the wind development area (Johnson et al. 2002). 
The two largest single mortality events reported at a 


Table \~Esiimates of avian collision mortality by wind projects. 


Location of study’ 

No. 

turbines 

No. 

MW 

No. birds/ 

turbine/vear 

No. birds/ 
MW/vear 

No. raptors 
/turbine/vear 

No. raptors 
/MW/vear 

We.st fexcludina California) 







Stateline, OregonAVashington 

454 

300 

1.69 

2.56 

0.053 

0,080 

Vansycle, Oregon 

38 

25 

0.63 

0.96 

0.000 

0.000 

Klondike, Oregon 

16 

24 

1.42 

0.95 

0,000 

0.000 

Nine Canyon, Washington 

37 

48 

3.59 

2.76 

0.065 

0,050 

Foote Creek Rim, Wyoming 

105 

68 

1.50 

2.34 

0.035 

0.053 

Subtotal 

650 

465 

1.71 

2.40 

0.044 

0.068 

Upper Midwest 







Wisconsin (MG&E and PSC) 

31 

20 

1.30 

1.97 

0.000 

0,000 

Buffalo Ridge, Minnesota 

354 

233 

2.86 

4.21 

0.002 

0.008 

Subtotal 

386 

254 

2.73 

4.03 

0,002 

0.008 

East 







Buffalo Mountain, Tennessee 

3 

2 

7.70 

11.67 

0.000 

0.000 

Grand Total 

1039 

721 

2.11 

3.04 

0.029 

0.045 

California Colder oroiectsl 







Altamont, California 

-5400 

548 

na^ 

na 

0.100 

na 

Montezuma Hills, California 

600 

60 

na 

na 

0.048 

na 

San Gorgonio, California 

-2900 

300 

2.31 

na 

0.010 

na 

Subtotal 

-8900 

878 

na 

na 

0.067 

na 

Total fatalltv oroiections 

Overall 

Outside California 



Projected annual bird fatalities^ 

20,000-37,000 

9200 




Raptors'* 

933 

195 





'We excluded studies of 4 small project sites in Vermont. Pennsylvania, Colorado, and Iowa that were conducted short-term and/or did 
not include adjustments for scavenging and searcher efficiency bias. 

"Not available; data on scavenging or searcher efficiency or average MW of study turbines not available 
^The per turbine/year and per MW/year estimates applied to the number of MW in U.S. at the end of 2003 
^Based on the per turbine estimate in California (1 1,500 turbines) and the per MW basis outside California 
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U.S. wind plant were fourteen spring migrant passer- 
ines at two turbines at the Buffalo Ridge, Minnesota 
wind plant on one night and approximately 30 spring 
migrant passerines at a floodlit substation and nearby 
turbines in West Virginia on one night. 

At the Foote Creek Rim wind plant located in Carbon 
County, Wyoming within native grassland-steppe and 
shrub-steppe habitats, total mortality associated with 
the 69 turbines and 5 meteorological towers was esti- 
mated to be approximately 143 birds per year, based on 
the 122 collision fatalities actually found during the 
first three years of operation (Young et al. 2003). Mean 
annual mortality was estimated to be 1.5 birds per 
turbine and 0.03 raptors per turbine per year. Of the 
122 fatalities found during the study, raptors comprised 
only 4.0 percent, whereas pavsserines comprised 90.2 
percent. Furthermore, while many of the fatalities at 
this location were nocturnal migrant passerines, the 
largest number of carcasses detected at a turbine during 
one search was two, suggesting no large mortality 
events of nocturnal migrants have occurred at this site. 

At a 38-turbine wind plant completed on Vansycle 
Ridge, Oregon, which is located in an agricultural land- 
scape, 12 avian fatalities were located during the first 
year of operation (Erickson et al. 2000b). Tlie casual- 
ties were comprised of at least six species, and most of 
the fatalities (58 percent) were passerines. Total esti- 
mated mortality adjusted for scavenging and observer 
detection rate estimates, was 24 birds per year, or 0.63 
birds per turbine per year. No raptors were among the 
fatalities (Erickson et al. 2000b). 

We are unaware of any studies that directly compare 
communication tower mortality to wind turbine mor- 
tality; although, we do have limited information on 
guyed meteorological tower mortality compared with 
wind turbine mortality at the Foote Creek Rim, Wyo- 
ming wind plant. At this site searches of both wind 
turbines (600-kW, approximately 200-ft (60-m) tow- 
ers) were conducted and guyed met towers (200 ft (60 
m) in height) once every 28'd during the study. During 
this period of study, the met towers had estimates of 
8.1 bird fatalities per tower per year, whereas the 
turbines had estimates of 1.5 bird fatalities per turbine 
per year (Young et al. 2003). 

Annual mortality predictions 

The average number of avian collision fatalities per 
turbine and per MW (Megawatt) are 2.1 1 and 3.04 per 
year, respectively. There were approximately 17,500 
turbines and 6,374 MW of installed wind generation 
capacity at the end of 2003 in the United States, with 
approximately 6,000 turbines and 4,331 MW outside 
California. Therefore, on average, we calculate ap- 
proximately 20,000 (3.04 times 6374 MW) to 37,000 


(2.11 times 17,500 turbines) die annually from colli- 
sions with wind turbines in the United States. We 
estimate approximately 9,200 birds will die annually 
outside California from the 4331 MW of installed wind 
generation capacity (2003). This extrapolation as- 
sumes fatality rates observed at wind projects that have 
been studied are representative of rates at wind projects 
not studied. Fatality estimates for ail birds are gener- 
ally not available at most old projects in California, and 
for all birds and raptors from Texas and Iowa, two 
states with significant wind development. 

Because much attention has been given to the issue of 
raptor/wind power interaction, we also developed sepa- 
rate fatality estimates for raptors. Estimates of raptor 
fatalities per turbine per year from individual studies 
through 2001 (Erickson et al. 2001) ranged from 0 at 
the Vansycle, Oregon; Searsburg, Vermont; Ponne- 
quin, Colorado; Somerset County, Pennsylvania; and 
Buffalo Ridge, Minnesota, Phase 11 and Phase III sites, 
to 0.10 per turbine per year at the Altamont, California 
site (C. Thelander, pers. comm.). Based on these 
statistics, we estimate 933 raptors are killed annually 
(2003) by turbines in the United States, with approxi- 
mately 80 percent of the raptor mortality occurring at 
the older projects in California. We project raptor 
mortality at wind plants outside California to be 195 
per year (2003) based on relatively small number of 
raptors found at Buffalo Ridge Minnesota (Johnson et 
al. 2002), Foote Creek Rim Wyoming (Young et al. 
2003), Stateline Oregon and Washington (Erickson et 
al. 2003a), and Nine Canyon Washington (Erickson et 
al. 2003b). 


other Non-collision Related Sources 
of Bird Mortality 

The previous sections have focused on collision-related 
sources of bird mortality. We will now discuss in much 
less detail other significant sources of bird mortality 
which include oil spills, oil pools, cat predation, pest- 
icides and other contaminants, electrocutions and fish- 
ing by-catch. The latter two sources are covered in 
more detail in Manville (this volume a, this volume b). 
Hunting is another obvious source of bird mortality, 
but since it is a permitted source, we do not discuss it. 

Pesticides 

Pesticides are a significant source of bird mortality in 
the US as well as other countries (Pimentel et al. 1991; 
Mineau, this volume). Large die-offs of Swainson’s 
Hawks (Buteo swainsoni) were observed in Argentina 
due to exposure to the pesticide monocrotophos in 
1996 (Di Siivestro 1996). Approximately 160 million 
acres of cropland are treated with pesticides each year 
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in the US (Pimentel et al. 1991) using data collected in 
the 1 980s and 1 990s. It has been estimated that approx- 
imately 67 million birds die annually in the US due to 
pesticides (Pimental et al. 1991), This estimate is based 
on the assumption that 10 percent of the estimated 672 
million birds exposed to pesticides die each year. This 
estimate may be conservative, since the empirical data 
on bird mortality at crop fields is reported as 0.1 to 3.6 
per acre (Mineau 1988). Lawn, turf, golf course and 
other pesticide uses were not included in this estimate. 

Oil Spills 

Oil spills can be a significant source of bird mortality, 
but the occurrence of spills and the effect and are ob- 
viously difficult to predict. Over 30,000 bird carcasses 
were recovered, including 250 Bald Eagles (Haliaeelus 
leucocephalus) following the 1989 Exxon Valdez oil 
spill in Prince William Sound Alaska, but between 
100,000 and 300,000 birds of all species were estima- 
ted to have died (Piatt et al. 1990). Flint et al. (1999) 
conservatively estimated over 1750 birds died as the 
result of the MA^ Citrus spill near St. Paul Island, 
Alaska. Small spills or chronic oiling is much less pub- 
licized, yet possibly a significant source of seabird 
mortality (Burger 1993). Estimates of annual mortality 
based on counting oiled corpses on beaches from small 
or chronic oiling have ranged from less than 0.0 1 per 
km of shoreline to 3.68 per km. Many oiled birds 
which die at sea are never found on beaches. Con- 
sidering the US, including the island territories, has 
approximately 90,000 miles of marine tidal shoreline, 
annual bird mortality from chronic oiling may easily be 
in the 10,000 to 100,000 range. 

Oil Pits 

Man-made pits associated with oil and gas develop- 
ment are another well-documented source of bird mort- 
ality. Esmoil (1995) found 282 dead birds during week- 
ly sampling of 35 oil pits in 1989, and 334 dead birds 
during weekly sampling of 53 pits in 1990, The largest 
affected taxonomic group was passerines (41 percent). 
Banks (1979), based on estimates made for the San 
Joaquin Valley in the early 1970s, conservatively 
estimated 1.5 million birds die annually due to these 
pits. 

Cat Predation 

Domestic and feral cats might also be considered an 
anthropogenic source of bird mortality. 1990 U.S. cen- 
sus data report 60 million cats claimed as pets by own- 
ers, and an unknown number of unclaimed feral cats. 
Coleman and Temple (1996) estimated that between 8- 
219 million birds are killed by free-ranging cats in 
Wisconsin alone. These figures are derived from 
estimates that there are 1.4-2 million free-ranging cats 


in nira! Wisconsin, that each cat on average kills 
between 28 and 365 animals per year, and that on 
average 20 to 30 percent of the animals killed by cats 
are birds (5 -100 birds/cat/year). We use the estimate of 
100 million birds killed by cats on an annual basis, but 
this estimate is likely conservative. If the Wisconsin 
estimates are representative of the averages nationwide, 
this estimate is highly conservative given that there are 
50 states and because it only accounts for cats claimed 
as pets by owners. 

Electrocutions 

Recent prosecution of the Moon Lake Utility for 
violations of the Bald and Golden Eagle Act and the 
Migratory Bird Treaty Act (Manville this volume a) 
has brought more attention to the continued problem of 
electrocutions of raptors from powerlines. It appears 
that nation wide mortality estimates from electrocu- 
tions are not available. Most data available were not 
collected in a systematic fashion, and do not attempt to 
adjust for scavenging and searcher efficiency biases. 

In a review of mortality reports from utilities, wildlife 
rehabilitators and falconers between 1986 and 1996, 
1450 raptor electrocutions representing 16 species were 
confirmed, with Golden Eagles accounting for the 
largest percentage of fatalities (Harness and Wilson 
2001). 

Fishing By-catch 

Many groups of seabirds have been reported drowned 
by fishing nets and gear (Atkins and Heneman 1987) 
and yearly mortality may reach hundreds of thousands 
(Manville this volume b). Quality studies on the im- 
pacts from commercial fishing are absent except for a 
few studies (e.g., Brothers 1991), and most mortality 
reports are largely anecdotal. 


Cumulative Mortality 

Based on the estimates derived or reviewed in this 
paper, annual bird mortality from anthropogenic sour- 
ces may easily approach 1 billion birds a year in the US 
alone {table 2). Buildings, power lines and cats are 
estimated to comprise approximately 82 percent of the 
mortality, vehicles 8 percent, pesticides 7 percent, 
communication towers 0.5 percent, and wind turbines 
0.003 percent. Other sources such as mortality from 
electrocution, oil spills and fishing by-catch are also 
contributors but estimates were not made and we have 
not even considered the impacts from loss of habitat 
which could also be considered anthropogenic. 
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Discussion 

Based on existing projections and projections made in 
this paper, annual avian mortality from anthropogenic 
causes may be near I billion. Given the uncertainty in 
the estimates, the true avian mortality, especially for 
communication towers, buildings and windows, vehi- 
cles, powerlines, pesticides, oil spills, fishing by-catch, 
cats, and vehicles could easily be different by an order 
of magnitude. In general, these sources of mortality 
continue to grow as our population grows (e.g., build- 
ings and houses), and demand for efficient communi- 
cations (e.g., cellular telephones), electricity (e.g., wind 
turbines and powerlines), fuel and other comforts of 
life grow as well. Although there is high variability in 
the estimated magnitude of total bird mortality for the 
different sources, there is also high variability in the 
types of birds (nocturnal migrants versus residents) and 
species that individual sources impact. Therefore, the 
significance on any one source or a particular location 
of a unit (e.g., a communication tower) may vary great- 
ly depending on the species or groups of birds that may 
be impacted. 

Many of the collision mortality studies have been con- 
ducted in response to a known or perceived risk, and 
therefore are probably not appropriate for extrapolation 
in the same manner we extrapolated for wind turbines. 
However, it has been argued by several researchers 
making mortality projections that their estimates are 
probably conservative (underestimates), given that sca- 
venging and searcher efficiency biases have generally 
not been incoiporated into the estimates. For example. 
Banks’ (1979) estimate of vehicle mortality was based 
on the Hodson and Snow (1965) estimate of 15.1 birds 
per mile (9.4 bird/km), which was based on weekly 
surveys that did not adjust for scavenging and searcher 
efficiency. 

The large uncertainties associated with estimates of 
mortality from one or multiple sources, along with the 
even larger uncertainties in bird populations (e.g., size, 
reproduction), makes it extremely difficult to under- 
stand the biological significance of human-caused mor- 
tality on birds at a population, regional, or even local 
level (Manville this volume a). Aldrich et al. (1975) 
estimated there are approximately 10 billion breeding 
landbirds in the US (excluding Alaska and Hawaii) in 
the spring, and approximately 20 billion breeding 
landbirds in the autumn, based on 1973 Breeding Bini 
Survey data. Based on these estimates and our mortal- 
ity estimates, approximately 5-10 percent of the popu- 
lations of breeding landbirds are killed each year from 
human caused factors. Impacts on individual species 
may be higher or lower depending on their population 
levels. The recently published Birds of Conservation 
Concern (BCC) by the USFWS lists 131 species that 
may currently have declining population numbers from 


numerous factors including loss of habitat and human- 
caus^ mortality. These are in addition to the 92 spe- 
cies currently listed as Federally threatened or endan- 
gered. Very few studies have attempted to determine 
the significance of human-caused mortality at a popu- 
lation level of an individual species. Based on an 
intensive radio-telemetry study of a population of 
Golden Eagles at the Altamont Pass wind plant, it was 
determined the wind plant was currently not causing a 
population level decline, but the long-tenn impact was 
unknown (Hunt 2002). This study of a relatively small 
and definable population of eagles was expensive, rela- 
tively short-term, and not conclusive. 

Rosenberg and Blancher (this volume) discuss a meth- 
od using Breeding Bird Survey data for better under- 
standing the population status and the impact of 
human-caused mortality of individual breeding birds. 
Their approach uses breeding bird survey data, but 
given the limited and highly variable data on pop- 
ulation sizes, survival and reproduction, there are likely 
huge uncertainties. Until we start to better understand 
mortality rates and parameters of bird populations, we 
will not truly understand the biological significance of 
the mortality. Research and monitoring efforts need to 
continue and expand so that we can better understand 
the levels and significance of these mortality sources 
and we can find better and more effective means for 
reduction and mitigation of human-caused bird mor- 
tality. 

There does appear to be a greater awareness of the 
level of human-caused bird mortality, and there are 
measures being undertaken to reduce mortality from 
most, if not all these sources. Programs to reduce night 
lighting at tall buildings and encourage use of tinted 
windows appear to be an effective measure to reduce 
mortality. Marking powerlines with bird flight diverters 
appears to be an effective and relatively inexpensive 
way of reducing collision mortality along power lines 
(Morkill and Anderson 1991, Brown and Drewien 
1995). Effective wind project siting, use of under- 
ground power lines, unguyed meteorological towers, 
and reduced lighting within wind projects appears to be 
an effective way of reducing the collision potential at 
wind projects (Johnson et al. in press). Programs like 
Audubon’s “Keep Cats Indoors” likely reduce bird 
mortality from free-ranging cats. The U.S. ban on some 
granular pesticides know to be highly toxic to birds has 
presumably reduced cumulative mortality from pesti- 
cides. Use of unguyed cell towers and better lighting 
on communication towers may also be contributing to 
reduced avian mortality. Guidelines for pole configura- 
tions to reduce electrocution mortality (APLIC 1996) 
have undoubtedly help reduce the electrocution risk 
from power lines. The use of these measures needs to 
be expanded and other more effective measures need to 


USDA Forest Service Gen. Tech. Rep. PS W-GTR- 191. 2005 
1038 



280 


Mortality Sources Compared — Erickson et al. 


Table 1— Summary of predicted annual avian mortality. 


Mortality source 

Annual mortality estimate 

Percent composition 

Buildings' 


550 million 

58.2 percent 

Power lines' 


130 million 

13.7 percent 

Cats’ 


100 million 

10.6 percent 

Automobiles^ 


80 million 

8.5 percent 

Pesticides^ 


67 million 

7.1 percent 

Communications towers'' 


4.5 million 

0.5 percent 

Wind turbines’ 


28.5 thousand 

<0.01 percent 

Airplanes 


25 thousand 

<0.01 percent 

Other sources (oil spills, oil seeps, fishing by-catch. 

etc.) 

not calculated 

not calculated 


^ Based primarily on a study in the Netherlands (Koops 1987), extr^olated to 500,000 miles of bulk transmission line in U.S, 

^One study in Wisconsin estimated 40 million (Coleman and Temple 1996), there are 60 million cats claimed as pets in the U.S. 

^Based primarily on one study in England (Hudson 1965, Banks 1979) that estimated 15.1 fatalities/mile of road each year, no searcher 
efficiency or bias adjustments in that study, updated based on increase in vehicle registrations 

^Conservative estimate using low range of empirical fatality rate (O.l to 3.6 birds/acre), studies typically adjusted from searcher 
efficiency and scavenging 

^Estimates from models derived by Manville and Evans (M. Manville, pers. comm.). 

Mid-range of per turbine and per MW estimates derived from empirical data collected at several wind projects {table !). 


be developed to help compensate for the continued 
growth of human development on the landscape res- 
ulting in loss of bird habitat. 
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Causes of Bird Mortality 


Estimated Annual Mortality 0n mtllions of birds) 



Achart showing estimated numbers of birds killed annually by each of several different causes. Data from various sources. 

This chart and the following text were prepared in 2003. Any updates would be we/come. 

First, it should be stated that the single most significant threat to bird populations is habitat destruction, in all of its forms and with 
all of its causes. The venous causes of mortality outlined below kill individual birds directly, and can certainly have an adverse effect 
on population size, but can actually have a beneficial effect in some cases. Studies of hunting have documented that in certain 
cases killing small numbers of birds can improve the health and survival of the remaining birds. As long as the habitat is intact, the 
population has the potential to replace the lost birds. 

In simplest terms, habitat destruction reduces the population by reducing the available resources, denying birds the chance to 
reproduce, and efectively putting a cap on the population size. 

The problems outlined below are serious threats and are implicated in the declines of many species. They should be addressed. 


Collisions 

Window strikes- estimated to kill 97 to 976 million biids/year - Millions of houses and buildings, with their billions of 
windows, pose a significant threat to birds. Birds see the natural habitat mirrored in the glass and fly directly into the wndow, 
causing injury and, in 50% or more of the cases, death. Simple steps can be taken to reduce the number of birds striking vwndows. 
Decals that stick to the glass are not very effective, but strips of tape on the outside of the glass, or strings or feathers hanging 
outside the window, each no more than 10 inches apart, are fairly effective. Decorative features like stained glass designs orv^ndow 
dividers can achieve the same result. Outside screens are very effective both to reduce the reflection and to cushion the impact. In 
short, anything that reduces or breaks up the window’s reflection will reduce bird strikes. Lots of excellent info at FLAP /Fatal Light 
Awareness Program) ; follow the link to collision prevention and be sure to ched< out the “CollidEscape” film. 

Communication towers- estimates of bird kills are impossible to make because of the lack of data, but totals could easily be over 
5 million birds/year, and possibly as many as 50 million. Towers have proliferated in recent years, with an estimated 5000 new 
towers erected per year during the 1990s, mainly for the cellphone arrd digital TV industries. Any tali storcture will kill birds by 
Wp://vwwv.siblevguid^.CfflTyconserv 0 tiwycaLises-of-bird-mortditV 
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coliision, and lighted towers attract birds at night. TbeoreticaHy cel^hone towers are less dangerous than the taller structures, but 
there is no data either way, and the sheer number of ceM phone towers may outweigh any other advantage. More info at FLAP (Fatal 
Light Awareness Prooramf and TOWERKILL , 

High tension line collisions - may kill up to 174 million birds per year. This figure extrapolates from European studies to the 
millions of miles of aerial wires in North America. There are very few data in North America. 

Elecfrocutions kill tens of thousands of binds per year. This occure mainly when large birds such as raptors make contact between 
a live electrical wire and a ground such as a pole. The relative small number of birds affected belies the significance of this threat, 
since species such as Golden Eagle are more susceptibte. Large predators like eagles have smaller population sizes and lower 
reproduction rates than songbirds, so removing a few thousand binte from the population will have a much larger impact than 
removing the same number of, say, Savannah Sparrows. Studies bv HawkWatch International resealed an electrocution rate of just 
under 1 bird per 100 poles per year, or 547 birds at 74.0(^ poles in Utah in 2001-2002. About 10% of the birds killed were Golden 
Eagles, 34% Ravens, and another 25%Buteos (Red-taited, Ssrainson’s and Ferruginous Hav\1<s). Fortunately PacifiCorp, the owner 
of the poles, is committed to making changes to reduce electrocutions, and hopefully other regions will follow. 

Cars may kill 60 million birds per year. Of over 8 million lane miles of roads in the US. 6.3 million, or over %, are in rural areas 
where most birds are presumably killed. There's not much we can do about this source of bird mortality short of changing our driving 
habits, but landscaping the roadside to discourage birds from congregating there is helpful. My own sense is that small cars with 
more aerodynamic designs hit fewer biids, while targe boxy vans and trucks hit more birds, but I don’t think this has been studied, 

By the way, 100 years ago there wrere fewer than 250 miles of paved roads in North America, all in urban centers. 

Wind turbines may kill 33,000 birds per year, artd, as in the case of electrocutions, these birds tend to be large and scarce (e.g. 
raptors). The recent surge of interest in wind power has heightened concerns about their effect on birds, and has led to at least the 
discussion of efforts by the wind power industry to design more benign windmills and to choose locations that are less ''birdy”. It's 
difficult for an environmentalist to come out against renewable energy like wind turbines, but as tong as the electricity generated is 
considered a "supplement” to satisfy increasing demand, wind power vwll not really help the fight against global warming. 
Establishment of wind farms should go hand-in4iand with drastic cuts in electricity use. and there is a real need for more study of 
the relationship betvreen binds and wind forms. 


Poisoning 

Pesticides may kill 72 million birds per year or possibly many more. The sub lethal effocts of pesticides may also make the birds 
more susceptible to predators or unable to reproduce, essentially killing them. A New York study in 2000 found that common “over- 
the-counter'’ pesticides were responsible for more bird deaths there than West Nile Virus. More info about pesticides and birds can 
be found at The American Bird Conservancy , and BIRDSOURCE atComell University. The Canadian Wildlife Service maintains a 
website with information about pesticides at httD://www.cws-scf.ec.Qc.ca/nwrc-cnrf/toxic/what e.cfrn 

Oil ^itls kill hundreds of thousands of birds a year or more. Some of this occurs in dramatic la^e spills, but most probably occurs 
in thousands of small incidental spills that are never reported or documented. 

Oil and wastewater pite may kill up to 2 million birds per year. 

Lead poisoning - kills unknown numbers of birds each year, but Bellrose (many years ago) estimated that about 4% of the 
waterfowl population dies annually due to lead poisoning, and the California Condor recovery team stated that lead poisoning was the 
primary cause of the condor population decline over the last 50 years. This lead in the form of bullets and shot and fishing sinkers is 
Ingested by the birds, ground up in the gizzard and absorbed by the body. More info is available from HawkWatch International . 
Alternative materials are now widely available and should be promoted. In Britain the use of lead fishing sinkers has been banned. 

Pollution - Acid rain has been linked to calcium problems. 


Predation 


Hunting - as a point of reference the carefully-managed annual waterftwl hunt kills about 15 million birds a year in North America. 

; This, of course, is balanced by extensive and well-funded management and conservation efforts so hunting is not a threat to the 

■ population of any North American bird, and conservation efforts led by hunters have been hugely beneficial to many species in 

addition to the ones being hunted, 
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Domestic and Feral Cats - may kill 500 million birds p®' year cw more. More information can be found at The American Biid 
Conservancy . Predators, of course, account for the vast majority of tsrd deaths each year, and most of this predation is natural. 
Domestic cats are not natural predators, but kill many ttrds. It is vwath ncriing that house cats have been blamed for the extinction 
of two species of small mammals in the southeastern United Slat^, and feral cats continue to be a huge problem \i\here they have 
been introduced on many oceanic islands. 

By-catch - Tens to hundreds of thousands of seabirds are cat^ht each year in nets and on hooks intended for fish. Although the 
total number is small this source of mortality is having a profound impact on a few species of birds. 

See my newspaper column HERE about long-line fisheries arid atoatross. The BirdLife International site (an excellent source of 
global bird conservfation information) has detailed information ^xmt the albatross declines here . 


Disease 

Disease - Unknown numbers. Disease is a major source ofmort^ity for birds, and may be the underlying cause of death in many 
cases of predation. Most avian diseases are fairly sjrecific, such as the conjunctivitis eve disease that hit House Finches hard in the 
eastern states. Botulism can be a serious problem in wretlands vn^ere water is drying up. The West Nile Virus has recently caused 
concern because it affects a vMde range of species and has spread rapidly. TheHawaiian Islands have been particularly hard hit by 
avian disease, and offer a sobering example of the dangers of introduced diseases to naive local bird populations: detailed info can 
be found here . 

Sharrs 2 people like this. Be the fir«1: of your friends. 


27 coiTuiients to Causes ofBird Mortaiity 


Eric Luesebrink 


With regard to wind turbines, t don’t think the description that "as in the case of electrocutions, these birds tend to be large and scarce 
(e.g. raptors)” is accurate. With the exception of the Aitamont Pass in CA (where raptor deaths have occured but in much smaller 
numbers than quoted above) very few raptors or large birds have been killed by wind turbines. I would suggest you look up the work of 
Paul Keritnger v^o has studied this issue for 20'*- years. 


Thanks, 

Eric 


bruce 

September 2. 2010 at 12:55 PM • Reoiv 

Domestic cate most certainly are predators. Turned loose from human captivity they will readily revert to feral and do quite w^l, assuming 
they have the natural tools. And cats have been ''blamed" for many things, including the supernatural. But when a cat ventures out and 
raids a pheasant nest, it does so because that's what cats do. If one believes in a "CreatoC then the cat has an absolute right to kill the 
pheasants. People kill them for entertainment in most all cases. 


Robert 

January 3. 2011 at 10:46 PM • Reoiv 

Bruce, white many cats are able to survive in the vwld after domestication, it is a myth to say that they all do so “readily". We have 
a serious problem in my area of people dumping cats because they believe this. The result is a large number of cats staring to 
death or living on garbage. 


Chris 

Febfuar 

Bruce, 


Regardless of whether you are convinced of the existence of a “Creatof house cats were CREATED by Humans from a wild 
species that is native to Europe, Asia and Africa. Ctomestic cats and their wild ancestor, the Wild Cat (Felis silvestris) were never 
part of the North American fauna. It's unfortunate that you used another non-native species in your example. Feral cats as well as 
free-roaming pets kill large numbers of native birds, mammals and other small animals each year. You seem to imply that people 
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killing pheasants for “entertainment" may be “wrong." A cat alkwed to roarj freely or released to fend for itself is no different than a 
human indiscriminently firing a shotgun white walking btindftjld^ thixmgh tte forest. 


Susan 

June 18. 2Q13 at 8:16 AM • Reoiv 

Cats, if hungry, do indeed kill to eat. But any well-fed cat vwll hunt and kill FOR THEIR PLEASURE- it is their nature to do so. We 
are talking domestic cats, NOT NATIVE, NOT part of nature. 


Van 

October 1 , 201 0 at 1 : 1 5 AM ■ Reoiv 

Bruce, what does believing in a creator have to do with having a right to kill 777 Killing for entertainment? Huh? 
Thanks for this overview, Dawd! 


Carole 

March 26. 2011 at 11:12 PM ■ Reoiv 

If one believes in a creator who created the various species, then one would necessary have to believe that the creator intended 
predators to kill. Indeed, many species haw to kill to live. I don’t think a cal could survive on a vegetarian diet. So either the cat 
kills or is fed animals that others have kilted and made into cat food. 


Linda 

October 28. 2010 at 1:45 AM • Reoiv 

The 'impacts' paper on the below web page estimates mortality of birds due to cat predation to be one billion. 

httD://www.abcbirds.orQ/abcproorams/DOlicv/cats/tnr.html 

Collision mortality updates: 

http://www.abcbirds.ora/abcDroqfams/Policv/collisions/index.html 

A variety of other threats are covered. ABC's website has been recently redone and updated. 


Rich 

January 18. 2011 at 7:08 AM •■Reply 

This article and many others only track birds killed unnaturally by external fectors, such as cars or cats. Of course birds, (ike people and 
other creatures, have finite lifetimes. It would be interesting to know how many die of “normar effects of aging, such as heart disease and 
cancer. That would make the number of “unnaturar deaths more significant. 


Darwin2S 

March 30. 2011 at 4:47 AM •Reply 

This sounds like the spineless 'above the law’ spew of “that's what cats Do" impudent monsters ,,, isn’t that like telling the neighborhood if 
you don't like my unlicensed, unneutered, marauding predator in your yard thrill killing the birds that you’ve opened your yard up to, a 
personal sanctuary if you please. Tough S— 'Get used to if. This is what the majority of predator Cats owners think and personally, they 
themselves are but impudent monsters - put here by a loving flying spagetti monster to Kill billions of birds for pleasure, 

A few months ago i caught this marauding predator wth 1 of my 5 Blue Jays wrtio daily came to my feeder, in its mouth, it killed a chick-a- 
dee too and that mate was soo soo soo unhappy it cried all around me as i picked up the little tom up carcass, this feral cat was on a 
killing spree mostly sparrows and one Eurasian Ring^ieck that i could see in my tiny little sanctuary thanks to predator lovers. No We 
won't get used to it. 


Charles Holt 

May 10. 2011 at 2:Q1 PM - Reoiv 

Hello I am a ninth grade student in an iowa high school and my physical science teacher has givin me a new project. That is to wright the 
pros and cons of wind turbinds and make a debate in front of the class. During the debate the oppsing team brought up that wind turbinds 
kill birds but on this site it says that birds die more from windov« than wind turbinds. so do you think that killing birds is a liable reason 
not to build wind turbinds? 


Nick 
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yav. ia. 2011 at 2:08 P.M - Be 

yes there should be no wind turt>inds they kill \^ubal wSd life and year apart famiiys 


jack 

Charles, 

From your post it is clear that you are smart enough to msrfte up your own mind from the data available to you. Clearly emotional 
responses often indicate an opinion formed on the basis of eNents not related to the issue at hand. 

No energy source has no impact on the environment. The chall^ge is to try to use energy sources that represent the best long- 
term compromises with the least impact and are sustainable, ^biids are the only issue oHreportance (and in my opinion, this is 
one of several important issues regarding energy) then ytHi ought to compare how many birds are killed or habitat destroyed by 
acid rain or the construction of other types of power plants. Those are just two examples. 

Stay scientific. Let focts lead you. We need learned arnl calm consideration of our alternatives or we wilt never solve our problems. 
Your post gives me hope for our future. 

Good luck with your investigation! 


Getachew 

October 1 . 201 1 at 9:23 AM • Reply 
I am aftied by what wind power is doing on birds. 


&pher 

January 20. 2013 at 3:50 AM • Reply 

Very little, especially compared to windows, if you notice the information above... 


heidi 

December 2. 201 1 at 1 0:47 AM ■ Reply 

Re: wind turbines and raptors, I'm not sure exactly why that assumption is being perpetuated - Altamont Pass was hell on raptors, but 
new turbine designs don't lure raptors in for perching... Instead they kill everything from warblers to ducks and beyond, I'm sure Altamont 
did the same, but raptors were the primary concern there. Raptors aren't the whole story for new turbine designs. Bats have it far worse 
than birds and that needs to be addressed far more seriously than it has been historically. 

I'd tike to see more of the 'bladeiess' and vertical axis designs explored; 3 blade designs are hell on wildlifa. 


dv 


Based on slovecool, "Contextualizing auan mortality: a preliminary appraisal of bird and bat fatalities from wind, fossil-fuel, and nuclear 
electricity", which finds an average avian mortality of 0.3/GWh. if the entire US electrical base (3700 TWh/yr) were replaced with wind 
turbines, approximately 1,2 million birds would die each year from wind power. This is approximately 1/100 the minimum estimate for bird 
deaths from windows, and an estimated 10-fold decrease in bird fatalities relative to a coal-fired grid (based on the same paper). 


I have tried to understand the fierce opposition to wind farms by some environmental groups. I suspect it is because they make easy 
targets. After all, they're suppose to be good for the environment, right?. When wewed in comparison to alternatives, they seem to be 
more environmentally friendly, and thus should probably not be oF¥>osed with such zeal. When looking to minimize bird deaths, it also 
seems that even minor efforts to reduce kills by feral cats, vnndows, and cars vwould completely dwarf any change in kill rate possible with 
turbines, even with vertical axis designs. 


Barry 

January 6. 2012 at 9:08 AM • Reply 

I see these estimate from the wind lobby are still around. In NJ they erected 5 large wind turbines near Atlantic City on an island in an 
estuary. There local Audubon Study concludes that 74 birds and bat were killed per turbine per year. 4 Osprey(pop 800) and 1 peregrine 
Fatcon{pop 30) were confirmed killed and they estimate there recov/ery rate is only 37% so more were likely killed. There are thousand 
planned so the NE should plan for the extinction of many raptors... here is the the study 
httD://www. ceoe.udel.edu/lewesturbine/documents/acua auarterivfeport fallOO.rxIf 

Currently in California more Golden Eagles are killed by wind turbines than reproduced. The large more modem wind turbines actually are 
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more in the flight path of large raptors and kill more. Tfie SF Audubon has showm an increase in kills the better searches and larger 
turbines. 


Barry 

January 6. 2012 at 9:13 AM - Reoiv 

How many Eagles are killed by vwndows? Feral cat kifling Golden Eagles? I think the above estimate are a fraud places by wind tuitine 
enthusiast. The EAgie protection act and the bird migration treaty both should be enforced against wind turbine companies, just like 
against oil companies. But the flow of subsidies to wnd are just too gneat...the Gov of Maine went into the wind industry after setting up 
the taws to enrich himself. 


Barry 

January 6. 2012 at 12:10 PM ■ Reoiv 

One last comment about the estimated BILLION birds hitting buttding...l have seen estimated that say we have 8-10 Billion birds in the 
USA. ..do you really believe that 10-15 percent of the bird population is wiped out every year? 


l\/lke Barnard 

May 17. 2012 at 3:54 PM ■ Reoiv 

14 million fewer birds would die annually if all fossil foel generation world-wide were replaced with wind turbines. 
httD://www.Quora.com/Wind-Power/HQW-siQnificant-is-bifd-and-bat-mortalitv-due-to-wind-turbines/answer/Mik e-Barnard 


Brian Peter 

July 13. 2012 at 10:07 AM ■ Reoiv 

i often wonder at these studies — do they ever ask questions of people 
outside the study group ?? 

A classic case is the disappearance of song bitxis in our neighborhood. 

The main reason is the growth in population of MAGPIES & CROWS 

I have seven bird houses within my garden , alt of them used to be occupied, but alas the magpies nesting in a neighbors garden has 
chased away our smalt birds. 


Mike Barnard 

August 15. 2012 at 1:44 PM -Reply 

I redid the math: it's 70 MILLION BIRDS SAVED ANNUALLY if all fossil fuels were replaced with wind farms. 
httD://reneweconomv.com.au/2Q12/want-tQ-save-70-million-birds-a-vear-build-more-wind-fanns-1 8274 


Walter Unot? 

February 18. 2Q13.at 8 lOQ P_M l^oLv 

I wonder what this chart would took like if it incorporated the results of the recent Smithsonian I USFWS study that claims that up to 3.7 
billion and no fewer than 1.1 billion birds are killed by cats annually. It is clear that the authors of this study did no cross-checking of their 
math, 80 it would be interesting to work through some of the ramifications. For instance, on this chart, every single bird death from every 
anthropogenic cause and then some would ha\« to be shifted to cats. 


Tim Kirschner 

May 16. 2013 at 6:28 PM ■ Reoiv 

I am extremely fomiltar with birds. Do you know that hawks kill millions of non-agressive songbirds doves, and pigeons a year, Cooper 
Havirtcs alone according to the last study read, kilt 7 million birds a year by themselves, this does not include any of the other species of 
Hawks, or owls, i see many hawks in very urban neighborhoods. If you wonder wrfiere your songbirds went, they either relocated due to 
pressure, or were killed by the hawks. My understanding is hawks are protected? Maybe it's time for revaluation of which species or 
raptor needs to be protected. My experience vwth turbines is the wind would have to push the birds int 
O them, it’s not something they would seek 


Shedea 

August 7. 2013 at 8:49 PM - Reoiv 

Surely an engineer could design a strong, fine mesh guard that would protect birds and bats from the whiriing blades? Obviously two 
dravrtjacks would be (a) some wind resistance, and (b) greater expense to produce. Perhaps the first problem could be offset by erecting 
more wind turbines. Then, with a greater demand for more turbines, th^ may become more affordable. If new safety standards could be 
http://www-siWe^ udes-corTVconservation/causes-of-bird-mort^il/ 6/7 
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introduced to the effect that alt blades must be shielded, this woirfd, in turn. g«ierale more business for green energy industries. E\en 
more so if a government grant towards research and development in this area could be obtained. 


Bird Friendly 

August 24. 2013 at 9:50 AM - Reply 

TTiere are already bladeless, energy efficient wind turbines out there. 
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Hilary 

The purpose of this paper 
is to identify researcJi needs 
for all as])ects of the 
researclHo-dedsion making 
pathway that will help us 
understand and mitigate the 
health ejfects of climate change, 
as well as ensure that we 
choose the healthiest and 
most efficient approaches to 
climate change adaptation. 



limate change endangers human health, 
affecting all sectors of society, both domestically 
and globally. The environmental consequences 
of climate change, both those already observed and those 
that are anticipated, such as sea-level rise, changes in 
precipitation resulting in flooding and drought, heat 
waves, more intense hurricanes and storms, and degraded 
air quality, will affect human health both directly and 
indirectly. Addressing the effects of climate change on 
human health is especially challenging because both the 
surrounding environment and the decisions that people 
make influence health. For example, increases in the 
frequency and severity of regional heat waves—Hkely 
outcomes of climate change—have the potential to harm a 
lot of people. Certain adverse health effects can probably 
be avoided if decisions made prior to the heat waves result 
in such things as identification of vulnerable populations 
such as children and the elderly and ensured access to 
preventive measures such as air conditioning. This is a 
simplified illustration; in real-life situations a host of other 
factors also come into play in determining vulnerability 
including biological susceptibility, socioeconomic status, 
cultural competence, and the built environment. In a world 
of myriad “what iP scenarios surrounding climate change, 
it becomes veiy complicated to create wise health policies 
for the future because of the uncertainty of predicting 
environmental change and human decisions. The need for 
sound science on which to base such policies becomes more 
critical than ever. 
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Recognizing the complexity of this issue, an ad hoc Inter^enty 
Working Group on Climate Change and Health (IWGCCH)^ 
assembled to develop a white paper on relevant federal re- 
search and science needs, including research on mitigation and 
adaptation strategies. Examples of mitigation and adaptation 
research needs are identified, but a comprehensive discussion 
of these issues is not included. These research and science 
needs broadly include basic and applied science, technological 
innovations and capacities, public health infrastructure, and 
communication and education. Consideration is also given to 
the potential stmcture of a federal climate change and health 
research agenda and the use of scientific research results for 
applications and decision making. The purpose of this paper 
is to identify research critical for understanding the impact of 
climate change on human health so that we can both mitigate 
and adapt to the environmental effects of climate change in the 
healthiest and most efficient ways. Although the group recog- 
nizes the global nature of climate change’s impacts on human 
health, the primary focus of this paper is on the situation in the 
United States. 

This report is organized around ii broad human health 
categories likely to be affected by climate change. * Categories 
are arranged in alphabetical order, and no prioritization— for 
instance as to likelihood of occurrence, severity of effects, 
or depth of current knowledge— is implied. Each category 
is broken into sections that introduce the topic, explain its 



relationship to climate change, and identify the basic and 
applied research needs of that category, as well as crosscutting 
issues where relevant. Most investigations of climate change 
and health have relied on environmental and ecological effects 
to extrapolate potential human health impacts; the IWGCCH 
deliberately chose to emphasize the need for research on 
human health outcomes over environmental impacts for this 
reason: this approach highlights direct links between climate 
change and federal research priorities that are often disease- or 
outcome-specific, and a focus on human health outcomes 
enables a holistic approach to exploring climate change-related 
health impacts. We recognize that the health consequences 
Identified in this document are not exhaustive, and that 
because so many climate change effects are prospective, some 
of the research needs enumerated may be speculative. As 
more information becomes available, new research needs may 
be identified and others rejected, but it is our intent that this 
report may serv-e as a baseline discussion from which agencies 
can proceed. 





297 


Htnnan fleolih Persprciivf OH CiiMATi: rHAtJui 


Asthma, Respiratory Atiergies, and Airway Diseases— 
Respiratorj- allergies and diseases may become nrore prevalent because 
of increased human exposure to pollen (due to altered growing se^ns), 
molds (from extreme or more frequent precipitation), air pollution and 
aerosolized marine toxins (due to increased temperature, coastal runoff, 
and humidity) and dust (from droughts). Mitigation and adaptation may 
significantly reduce these risks. Research should address the relationship 
between climate change and the composition of air pollutant mixtures 
(e.g., how- altered pollen counts and other effects of climate ehan^ affect 
the se\'erit\- of asthma) to produce models to identify populaticms at risk. 
Such tools support the use of science in underetanding disease risks and 
as such, are an integral component of de\^e!oping effective risk communi- 
cation and targeting the messages to \-uinerdble populations. 

Canter — Man}- potential direct effects of climate change on cancer risk, 
such as increased duration and intensit}- of ultraviolet (U\0 radiation, 
are well understood; howex-er the potential impact of changes in climate 
on exposure pathwaj s for chemicals and toxins requires further study. 
.Science should in\-estigate the effects of nutigation and adaptation 
measures on cancer incidence so that the best strategies can be developed 
and implemented; for example, researcii to inform understanding of 
the benefits of alternative fuels, new' battery and \’oltaic cells, and other 
technologies, as well as any potential adverse risks from exposure to their 
components and wastes. Better understanding climate change impacts 
on the capacity of ocean and coastal systems to proAide cancer curative 
agents and other health-enhancing products is also needed. 

Cardiovascular Disease and Stroke — Climate change may 
exacerbate existing cardiovascular disease by increasing heat stress, 
increasing the bodj' buiden of airborne particulates, and changing the 
distribution of zoonotic vectors that cause infectious diseases linked with 
cardiovascular disease. Science that addresses the cardiovascular effects 
of higher temperatures, heat waves, extreme weather, and changes in air 
quality on health is needed, and this new information should be applied 
to development of health risk assessment models, early warning sj-stenis, 
health communication strategies targeting vulnerable populations, land 
use decisions, and strategies to meet air quality goals related to climate 
change. In some areas, cardiovascular and stroke risks resulting from 
climate change could be offset bv reductions in air pollution due to 
climate change mitigation. 

Foodborne Diseases and Nutrition — Climate change may be 
associated with staple food shortages, malnutrition, and food contamina- 
tion (of seafood from chemical contaminants, biotoxins, and pathogenic 
microbes, and of crops by pesticides), Science research ne^s in this area 
include better understandiiig of how changes in agriculture and fisheries 


may affect food availability and nutrition, better monitoring for 
disease-causing agents, and identification and mapping of complex 
ftx)d webs and sentinel species that may be vulnerable to climate 
change. This research could be u,sed to prepare the public health 
and health care sectors for new illnesses, changing surveillance 
needs, and increased incidence of disease, as well as development of 
moreeffective outreacli to affected communities. 

Heat-Related Morbidity and Mortallty-Heat-related 
illn^s and deaths are likely to increase in response to climate 
diange but aggressive public health interventions such as heat wave 
response plans and health alert warning systems can minimize 
morbidity and mortality. Additional science should be focused 
on developing and expanding these tools in different geographic 
regions, specifically by defining environmental risk factors, 
Identiffing vulnerable populations, and developing effective risk 
communication and prevention strategies. 

Human Developmental Effects— l\vo potential consequences 
of climate change would affect normal human development: 
malnutrition— particularly during the prenatal period and early 
childhood as a result of decreased food supplies, and exposure to 
toxic contaminants and biotoxins— resulting from extreme weather 
ev ents, increased pesticide use for food production, and increases in 
harmful alga! blooms in recreational areas. Research should exam- 
ine the relationsiiip between human development and adaptations 
to climate change, such as agriculture and fisheries changes that 
may affect food availability, increased pesticide use to control for 
expanding disease vector ranges, and prevention of leaching from 
toxic vvaste sites into floodwatere during extreme weather events, so 
that dev elopmental consequences can be prevented. 

Mental Health and Stress-Related Disorders — By causing or 
contributing to extreme weather events, climate change may result 
in geographic displacement of populations, damage to property, 
loss of loved ones, and chronic stress, all of which can negatively 
affect mental health. Research needs include identifying key 
mental health effects and vulnerable populations, and developing 
migration monitoring networks to help ensure the availability of 
appropriate health care support. 

Neurological Diseases and Disorders— Climate change, 
as well as attempts to mitigate and adapt to it, may increase the 
number of neurologica] diseases and disorders in humans. Research 
in this area should focus on identifying vulnerable populations and 
understanding the mechanisms and effects of human exposure to 
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neurological hazards such as biotoxins (from harmful algal Woons), 
metals (found in new batter\- technologies and compact fliKxescent 
lights), and pesticides (used in response to changes in agriculture), as 
well as the potentially exacerbating effects of malnutriticm andstre^ 

Vectorborne and Zoonotic Diseases — Disease risk may increase 
as a result of climate change due to related expansions in vector 
ranges, shortening of pathogen incubation periods, and disniptiwi 
and relocation of large human populations. Research should enhance 
the existing pathogen A^ector control infrastructure including \'ector 
and host identification; integrate human with terrestrial and aquatic 
animal health sur\«illance systems; incorporate ecological studies to 
provide better predictive models; and improve risk communication 
and pre\'ention strategies. 

Waterborne Diseases — Increases in water temperature, precipita- 
tion frequencj' and severity, e\’aporatiort-transpiration rates, and 
changes in coastal ecosystem health could increase the incidents of 
water contamination vvith harmful pathogens and chemicals, resulting 
in increased human exposure. Research should focus on understand- 
ing where changes in water flow will occur, how water will interact 
with sewage in surface and underground water supplies as \reli as 
drinking water distribution systems, what food sources may become 
contaminated, and how to better predict and prex-ent human exposure 
to waterborne and ocean-related pathogens and bitrtoxins. 

Weather-Related Morbidity and Mortality— Increases in the 
incidence and Intensity of extreme w’eather events such as hurricanes, 
floods, droughts, and wildfires may adversely affect people’s health 
immediately during the event or later following the event. Research 
aimed at improving the capabilities of healthcare and emergencx- 
serx'ices to address disaster planning and management is needed 
to ensure that risks are understood and that optimal strategies are 
identified, communicated, and implemented, 

In addition to the research needs identified in the individual researdi 
categories, there are crosscutting issues relex'ant to prex'enting or 
ax'oiding many of the potential health impacts of climate change in- 
cluding identifying susceptible, vulnerable, and displaced populations; 
enhancing public health and health care infrastructure; developing 
capacities and skills in modeling and prediction: and improring risk 
communication and public health education. Such research will lead 
to more effective early warning systems and greater public awaren^ 
of an individual’s or community's health risk from climate change, 
which should translate into more successful mitigation and adaptation 


strategies. For example, health communications research is needed 
to properly implement health alert warning sy’stems for extreme heat 
events and air pollution that especially affects people with existing 
conditions such as cardiov'ascular disease. Such a risk communication 
pilot project might demonstrate communication practices that are 
effective in multiple areas, and contribute to a comprehensive strategy 
for addressing multiple health risks simultaneously. 

Other tools are needed and should be applied across multiple categories 
to ckse the knowledge gaps, including predictive models to improve 
fixecasting and prevwtion, evaluations of the vulnerability of health 
careand public health systems and infrastructure, and health impact 
assessments. TVans-disciplinarj' dev'elopment would help to ensure 
tools such as improved baseline monitoring that will be more xridely 
af^icaWe, and thus more efficient and cost effective than those 
currently available. In fact, many of the identified science needs will 
Inquire trans-disciplinary responses. For example, to study how heat 
waves alter ambient air pollution and the resulting combined impact of 
heat and pdiutlonon human illness and death, xvill require expertise 
in atmospheric chemistry, climate patterns, environmental health, 
epidemiology, medicine, and other science fields. Given the complexity 
of the science needs and the potential overlap of research questions 
across disdpiines, promoting ti-ans-disciplinary collaboration among 
and within federal agencies would be a logical approach and should be a 
high priority. 

Recently, the National Research Council issued a report addressing 
how federal research and science could be improved to provide 
support for decision and policy making on climate change and human 
health. ' Specifically, Ihe report calls for a more complete catalogue 
of climate change health impacts, increasing the power of prediction 
tools, enhancing integration of climate observation networlcs with 
health impact surveillance tools, and improving interactions among 
stakeholders and decision makers, The I WGCCH approached this 
research needs assessment vsith these goals in mind. Tlie next step 
will be for federal agencies to discuss the findings of this white paper 
with stakeholders, decision makers, and the public as they work 
to incorporate and prioritize appropriate research needs into their 
respective science agendas and collaborative research efforts. 

A coordinated federal approach will bring the unique skills, capacities, 
and missions <rf the various agencies together to maximize the potential 
fordiscovervrof new information and opportunities for success in 
providing kev' information to support responsive and eftective decisions 
on climate chan^ and health. 



V, lobal climate change has become one of the 
most visible environmental concerns of the 
21** century. From pictures of polar beai's 
dinging to melting ice floes in Alaska to dried and cracked 
farmland stretching into the horizon in Africa, images 
of the ecological impacts of dimate change have become 
part of our combined consciousness and inspire concern 
and discussion about what climate change ultimately will 
mean to our planet. But seldom are the effects of climate 
change expressed, either visually or otherwise, in terras of 
the real and potential costs in human lives and suffering. 
To date, most climate change research has focused on 
environmental effects and not health effects. It is clear 
that climate change endangers human health, but there is 
need to improve the science and knowledge base of how 
it occurs. One purpose of this document is to identify 
research gaps to increase the understanding of climate 
change and health. Expanding our understanding of the 
often indirect, long-term, and complex consequences of 
climate change for human health is a high priority and 
challenging research task. In the developed world particu- 
larly, there is perhaps a greater perception of the ecological 
and environmental effects of climate change than of the 
human health implications. This may be due in part to the 
fact that images linking climate change and some already 
apparent wildlife and landscape effects are prevalent, and 
thereby, increase concern. 
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There is no doubt, however, that climate cliange is cuirentfy affect- 
ing public health through myriad en\ironmenlal consequences, 
such as sea-level rise, changes in precipitation resulting in flooding 
and drought, heat wa\'es, changes in intensitv' of hurricanes and 
storms, and degraded air quality, that are anticipated to continue 
into the foreseeable future. In a tally that included just four diseases 
(cardiovascular disease, malnutrition, diarrhea, and malaria) as well 
as floods, the World Health Organization (WHO) estimated 166,000 
deaths and about 5.5 million disability-adjusted life j«ars (DALYs, 
a measure of overall disease burden) were attributable to climate 
change in 2000. To date, the majority of analyses on climate change 
and health ha^e focused on diseases that predominantly affect people 
in the developing world, and therefore, are perceived as less relevant 
to mote developed countries. However, as the recent pandwtiic of 
HiNi virus has shown us, diseases do not respect international 
boundaries. Climate change can be a driver fordisease migration, 
but even so, such diseases do not represent the broadest range of 
possible, or even likely, human health effects of climate change, nor 
do they reflect the likely co-benefits of mitigation and adaptation to 
climate change, some of which may have their greatest impact in the 
develojjed world. 

For over 170 years, scientists have studied the complicated relation- 
ship between the weather, climate, and human health. Since the first 
attempt at scientific consensus on climate change nearly four decades 
ago, scientists have been examining whether climate is indeed 
changing as a result of human activity. However, the complicated 
relationships between climate change, the environment, and human 
health have not represented high priorities for scientific research in 
the United States, and there are abundant gaps in our understand- 
ing of these links.'* Such gaps impair our ability to identify optimal 
strategies for mitigation and adaptation that will prevent illness and 
death in current human populations while simultaneously protecting 
the environment and health of future generations. The purpose of this 
report is to identify the major re.search areas that need to be further 
explored and understood, and to identify the scientific capacities that 
will be needed to adequatelj’ address the problems that arise at the 
nexus of climate, environment, and human health with the goal of 
informing federal agencies with a human health or related research 
mission as they approach these daunting challenges.’” Research 
outcomes generated from the needs agenda outlined here would go a 


longww' toward informing health decision making and addressing 
the challenges outlined in the National Research Council’s report. . 

Leaders including the Director, National Institute of Environmental 
Health Sciences (NIEHS); the Chief Scientist in the Office of the 
Science Advisor, U.S. Environmental Protection Agency (EPA); 
the Senior Scientist for Coastal Ecologv; National Oceanic and 
Atmospheric Administration (NOAA); and the Director, National 
Center for Environmental Health. Centers for Disease Control and 
Prevention (CDC) initiated the development of this white paper 
in I^ruar>' 2009. Tlie Interagenc)' Working Group on Climate 
Change and Health (I WGCCH) was established with representation 
and participation from various federal agencies, institutes, and 
other organizations with an environmental health or public health 
mandate. (Participating groups are listed on the Worlcing Group page 
of this document, pp. iii). The first activitj'of this ad hoc group was 
to review and distill the state of the science on the effects of climate 
change on human health from the many excellent reviews of climate 
change already published by groups including the Intergovernmental 
Panel on Climate Change, the World Health Organization, the U,S. 
Global Change Research Program, the National Research Council, 
and others. Most of these reports take a much broader view of the is- 
sue of climate change; however, the portions that are directly relevant 
to human health effects provided a critical baseline from which this 
vvorking group could proceed to identify the research gaps and needs 
in this area. 

This document does not attempt to be a comprehensive assessment 
of the risks associated vvith climate change and health or a .strategic 
plan. Rather it seeks to build on the existing knowledge of the prior 
efforts, and extend this knowledge further b>’ shifting the perspective 
on climate change effects from a largely ecological and meteorologi- 
cal base to one that focuses on the human health consequences of 
climate change, mitigation, and adaptation. Similarly, an aim of 
this report is to inform the federal government as it seeks to focus 
dimate change research on understanding the interactions among 
the dimate, human, and emironmental sv^tems and on supporting 
societal responses to climate change. In this way, it is responsive to 
the recommendations of some of these reports. The working group 
has drafted this document in consultation with subject matter experts 
at the v'arious agencies, seeking their review and comment throughout 
the process to provide a concise, credible, and broad discussion. 
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Figure 1 provides the conceptual framework used tode\'elop this 
report. In addition to tiie direct effects of heat on humans, the major 
impacts of climate change on human health are through dianges to 
tlie human environment such as rising oceans, chariging wither 
patterns, and decreased ax^ailability of fresh water. Mitigation of 
climate change refers to actions being taken to recline greenhouse 
gas emissions and to enhance the sinks that trap or remove carbon 
from the atmosphere to reduce the extent of global climate change. 
Adaptation refers to actions being taken to lessen the impact on 
health and the environment due to changes that cannot be prevented 
through mitigation. Appropriate mitigation and adaptation strategies 
will positi\-ely affect both climate change and the environment, and 
thereby positively affect human health. In addition, some adaptation 
acti^-ities will directly improve human health through changes in our 
public healtli and health care infrastructure. Ga{» in our under- 
standing of how human health, climate change, the environment, 
and mitigation and adaptation are linked are the focus of this report. 

Figure 2 expands upon the a)nceptualframe\s'ork in Figure 1, and 
provides a global view of the complex ecological networks that can 
be disrupted by climate change, the human health implications of 
such disruptions, and the targets of mitigation and adaptation. Many 


of these diseases' and disorders are not independently affected; 
anytme di^ase is likely to ha\'e se\’erai dri\'ers from the group of 
emanwimental consequences that result from climate change, and 
c<Mi\«redy, any particular environmental change could affect multiple 
disease categories. In addition, both positix-e and negathe synergies 
will occur among various components of the system. 

Climate change directly affects fi\e components of the environment: 
wat«v air, weather, oceans, and ecosystems. ' Changes in rainfall 
and other precipitation, changing temperatures, and melting of 
summer icecaps are already occurring and will create changes in the 
availability and quality of water across much of the planet over the 
next 30 years.’" In the United States, water security, or the reliable 
availability of w'ater for drinking, agriculture, manufacturing, and 
myriad other uses, is becoming a pressing issue. This is particularly 
true in the Western half of the country, where water shortages are 
exaceibated hy reduced mountain .snowpack due to warming, and 
in the South, where severe droughts have become a more frequent 
occurrence in recent years. Water quality is also affected in many 
regions, particularly coastal areas, due to extreme weather events 




hiGUKF 1 khanges ngieenhouse ga5«iincfiitlrati^&anaoih^r^verScK0n()eourdlot>aUi maio jitcr 1 q nu<* 

be • 11* I iirdtAancfbothm?tigaijon*andadaptatlon^lttrthchurn)hen\Mranm«nt tF <> > 

vt] Mn h<>«)ithi5tMoiigKenv)renm(!i)ta),€han9afKare ufiofedmatarfiangeolt^oughtrcx <ii( orer 

r p 1 t& *rt re both cl mate? ** * 


Adaptation 




302 


A Hinnan neulth Fcrspcctire OH . -.v ; 


such as hurricanes and flooding. These same e\’ents, often assodated 
with sea-ievel rise and increased storm surges, can heavily damage 
human communities and alter complex coastal ecosj^wns with 
consequences for both ^vater and food qualit\' and supply. 

The complex atmospheric chemistty that governs air quality is 
modulated by heat, humidity, degree of ultra\1olet (tW) radiation, 
and many other factors. Changes in an\’ of these can directly reduce 
air quality, particularly in urban areas, by increasing air concentra- 
tions and human exposures to a \-ariety of toxic air pollutants 
including chemicals, fungi, and aeroallergens. In many areas of 
the countr}’, climate change and resulting weather e\ents such as 
drought and wildfires will reduce general air quality and increase 


human exposure to a variety of pollutants, with resulting increases in 
asthma, cardio\^ascular disease, and other respiratory' ailments, 

Some of the human health effects will arise from extreme weather 
events that are expected to become more common in a warmer 
climate. For instance, more intense hurricanes and increases in 
flooding and wildfires ma>' exacerbate a wide range of health effects 
resulting from the release of toxic chemicals from landfills, contami- 
nation of drinking water with raw sewage as a result of damage to 
water infrastructure, increased concentrations of air pollutants that 
are especially harmful to susceptible populations such as children, 
the elderly; and those with asthma or cardiov'ascular disease, and 
myriad crther hazards associated with these events. Extreme heat 



FIGURE 2 j Climate change has dlrectiropactsor^fiveaspecf^of the human 

n impact additional environmentaf.factors.Tbese environmentalchangestlwn'alteMw^lvei5^p^rate-3Spect5.0f humane: 
health (tan boxes)- Mitigation and adaptation alter the human entflronm?nt in'Qrder^Ja.ddfess climate=chan&f:anGl', in , 
this way, alter human health. Finally, susceptible populations exist for al! clirnate-tar^eted:h»^lth 
^tems play an integral role in addressing the health concerns driven by cfirpate change. 
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also directly increases the risk of injim^ illness, and death, as well as 
indirectly by contributing to illnesses such as those associated with 
mental health and stress. ’ 

Global climate change is visibly and profoundly affecting oceans, 
which in turn, affects human health. The \varming of ocean waters 
contributes to increases in incidence and se\erity of toxic algal 
blooms, alterations in aquatic and estuarine food wete and seafood 
quaiit}' and a\ailabi]ity. and effects on sentinel aquatic species '’. 
High concentrations of carbon dioxide in the atmcsphere increase 
the amount that is dissolved into the ocean, leading to acidification 
and disruption of ecosystems. As large portions of the worid’s 
populations, including tliose in the United States. li\'e in coastal 
areas, and many depend on marine protein for daily subsistence, the 
consequences of perturbing delicate ocean and coastal sj'stems will 
be far-reaching. 

Climate changes including increased heat in certain arid and 
semi-arid parts of the United States can dramatically alter existing 
ecosystems, presenting new challenges to agricultural production 
and coastal ecosystems, witli consequences for food qualityand 
availability. Changes in plant habitat can result in reduced availabil- 
ity of grazing lands for livestock. ' Climate changes also are directly 
associated with many pest habitats and disease vectors, and changes 
in temperature can extend or reorient habitats such that organisms 
are intixxiuced to new geographic areas or life cy’cles are altered, 
requiring ijicreases in pesticide use or use in new areas to achieve 
the same yields. Global warming is also causing shifts in the ranges 
of disease vectors that require specific environments to thrive (for 
example, Lyme disease), and increasing the threat and incidence in 
humans of waterborne, v’ectorborne and zoonotic (those transferred 
from animals to humans) diseases. 

No current mitigation strategy or technologj' can prev-ent the 
change in climate that lias already occurred. At present, our abilits- 
to mitigate tlte magnitude of the climate changes that will occur 
o\'er the next lOO years is limited b\- the current makeup of the 
atmosphere, as well as \vhat we can prevent from entering and what 
we are able to remove from the atmosphere in the future. The major 
targets of climate change mitigation strategies include alternative 
fuels and energy conservation, changes in land use patterns, sustain- 
able development of the built environment, and carbon capture 
and storage. Switching from tossil fuels and otlier greenhouse 


gas-emitting eneigj- sources to cleaner alternatives and using carbon 
capture and storage technologies will slow the rate at which we 
release greenhouse gases into the environment. Energy consenation 
and modifications in energy use will also reduce releases. Land use 
changes such as restricting the destruction of forests and replanting 
more trees will sen« to increase natural carbon storage. 

Actions to preserve other ecosystem services, such as flood control 
by protecting wetlands or vector control by conserving biodiversity, 
canalsoreducetliesev’erity of climate change-related problems.''' 
Rnallv^ changes in building codes, transportation infrastructure, 
housing density, coastal development, and other urban planning 
strate^es can reduce energy usage and therebv' mitigate some 
portion of climate change. Through these changes in human 
activities and practices, we should be able to limit the magnitude of 
the changes to the planet's climate, and thus, reduce the negative 
impacts to human health. Though it is possible that some mitiga- 
tion strat^es may exacerbate known human health stressors or 
introduce unanticipated potential for human harm, many strategies 
will provide co-benefits, simultaneously reducing the negatire effects 
of climate change while also reducing illness and death. For example, 
reducing harmful air pollutants generally decreases global warming 
but is also just more healthful to people.' ‘ 

Recognizing that there are a broad set of issues related to both 
potential benefits and possible adverse effects on human healtli 
resulting from mitigation and adaptation strategies, the IWGCCH 
did not attempt to outline research needs for mitigation and adaption 
in a comprehensiive manner in this report, nor provide a comprehen- 
sive overview of mitigation and adaptation approaches. These issues 
and their associated research needs will have to be evaluated in the 
context of the individual options and strategies. Instead, this report 
focuses on some of the broader mitigation and adaptation options 
that are currently under development that have the potential to 
provide great benefits to human health and proposes research needs 
that could inform decisions relating to them, and examples of mitiga- 
tion and adaptation needs related to certain health consequences are 
included within each chapter. 

Adapting to or coping with climate change will become neces- 
sary in the United States and around the world. Most adaptation 
strategic seek to change the human environment and decrease the 
potential for illness and death by helping to prevent some of the 
wxH^t consequences of climate change, The primary environmental 
fectors targeted for adaptation are water security and food securitv'. 
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Given the likely changes that will occur in precipitation patterns, 
temperature, and extreme weather events, adapting the w^-s in 
which we store, treat, and use water will be key to avoiding changes 
in water security. Similarly food sources— whether they be crops, 
livestock, marine, or freshwater— will be under greater stress in 
various parts of the United States, and as a nation we need to develop 
adaptation strategies to ensure our food security. Clean water and 
access to sufficient safe food are fundamental needs for human 
health, so successful adaptation methods that maintain and improve 
the availability of clean water and healthy food will be critical to 
avoiding some of the major health impacts of climate charge. There 
is also a need for adaptation strategies focused on community 
development and the built environment, transportation, and public 
health infrastructure.'"^ 

Through these environmental changes, increase— and in some rare 
cases— decreases in adv'erse human health consequences are likely 
to occur. We have organized these health consequences into ii broad 
categories for discussion (listed below). In this report, we provide for 
each category a brief synopsis of what is known about the relation- 
sliip between climate change; mitigation, and adaptation; effects on 
the rivsk, incidence, severity, or characteristics of the specific diseases 
or disorders; the major research needs and questicms that must be 
addressed; and in some cases, an indication of the specific skills and 
capacities that will be needed to facilitate the research. Because fac- 
tors including urgency, likelihood of occurrence, numbers of people 
affected, severity of effects, and economic issues associated with 
each category are broad, difficult to quantify, and largely beyond 
the mandate of our individual agencies, we have deliberately chosen 
not to attempt a prioritization of the research needs, but rather seek 
to provide a body of knowledge to inform federal agencies, and the 
government as a whole, as agencies and other groups set their own 
priorities and agendas in this area, The scope of this analysis is 
lai'gely confined to examining effects on the U.S. population, which 
is the primaiy constituency of the federal agencies, recognizing that 
most, if not all, of these issues are of global concern and consequence 
as well, and in the hopes that resulting gains from this infOTmation 
can be applied to global collaborations in the future. Similariy, 
although we attempt to provide some discussion of the training, 
capacities, technologv^ and infrastructure needs that will be required 
to address these critical research questions, it is within the context 
and for the purpose of identifying and applying those resources 
present oranticipated within our specific federal agencies. 


Finally the health consequence categories, although treated as 
individual topics, are not discrete, but rather are connected through 
the complicated sy'stems within our planet and our own bodies. 

We have tried to draw out these connections wherever possible 
and wh«i they are of major significance. 'We also have identified 
a number of crosscutting issues that are critical to this discussion 
including susceptible, vulnerable, and displaced populations: public 
heath and health care infrastructure; capacities and skills needed; 
and communication and education to increase awareness of climate 
change health effects. 

Categories of human health consequences of 
climate change: 

t. Asthma, Respirator^' Allergies, and 
Airway Diseases 

2. Cancer 

3 • Cardiovascular Disease and Stroke 
4« Foodbome Diseases and Nutrition 
5* Heat-Related Morbidity and Mortality 
6. Human Developmental Effects 
7- Mental Health and Stress-Related Disorders 
8* Neurological Diseases and Disorders 
9» Vectorbome and Zoonotic Diseases 

10. Waterborne Diseases 

11. Weather-Related Morbidity and Mortality 
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In tiie process of identifying and characterizing research needs on 
tlie health implications of climate change for the ii categories of 
consequences, it became evident that multiple crosscutting issues 
span ail aspects of the research needs. In the sections fc«lo\s ^ve 
briefly summarize the major areas of o\'erlap. 

Susceptible, Vulnerable, and Displaced Populations. The 
World Health Organization defines “environment” as “all modifiable 
ph\'sica!, chemical, and biological factors external to the human 
host, and all related behaviors that are critical to establishing and 
maintaining a healthy livable environment,”" Within this definition, 
it is likely that the environment can affect most human diseases and 
illnesses. There are certain populations that are at increased risk 
from em’ironmental factors that affect health, and such populations 
present unique concerns when considering the health risks from 
climate change. “Susceptibility” refers to intrinsic biological factors 
that can increase the health risk of an indh'idual at a given exposure 
!e\e!. Examples of susceptibility factore that ha\« been shown to 
increase individual health risks are certain genetic variants, life- 
stage such as childhood, and medical historv’ such as a prior history 
of disease. “Vulnerabilit>’” refers to human populations at higher risk 
due to environmental or personal factors, For example, people living 
in mud brick houses in earthquake zones are much more vulnerable 
to iryury from building collapse than those living in structures built 
with modern tecimiques and stronger materials. Populations living 
ill poverty, substance abusers, and those with mental illness are 
at increased vulnerability to many of the emironmenla) changes 
resulting from climate change. Another form of vulnerability is seen 
in displaced populations, who have been shown to be at higher risk of 
a number of divseases, including diarrheal and vectorborne diseases 
resulting from exposure to poor sanitation, as well as mental health 
illnesses due to increased acute and chronic stress.* 

Populations with both susceptibility and vulnerability factors are 
referred to as "sensitive" populations. An example of a sensitive 
population would be certain members of the displaced population 
that evacuated New Orleans following Hurricane Katriiva. Studies 
have shown that within this population, older pec^le (susceptible) 



who vv^re <rf low income (vulnerable) were the slowest to recover 
frcKn the disaster.'" Virtually everv^ human disease is likely to have 
bc^h susceptible and vulnerable populations associated with it. One 
aspect to mitigating the effects of climate change is a better 
ur^erstanding of diseases and the unique risks of various exposed 
{»• affected populations so that strategies maybe developed that take 
sudi risks into account and are tailored to address them. 

In the case of diseases linked to climate change, a number of 
populations are particularly at risk. Children, pregnant women, and 
the elderly are generally more susceptible, especially for heat- and 
weather-related illness and death, vectorborne and zoonotic diseases, 
and waterborne and foodborne illnesses.^'' Also, children and some 
minority groups are very susceptible to asthma and allergies that 
may be exa<»rbated by climate change. Genetic links and markets 
that help to identify and define susceptible populations exist for 
many climate-related diseases, 

Pov'erty generally makes people more v'ulnerable to many of the 
health effects of climate change, laigely due to inadequate access 
to health care. Poverty also increases the risk that a population 
displaced by extreme weather events or environmental degradation 
will not easily recover, and as a result, will suffer much higher 
disease risks. The same is true for people who abuse drugs, those who 
suffer mental illness, and others who for various reasons are socially 
isolated Fot such populations, the effects of climate change such as 
temperature and weather extremes, disruptions in access to public 
services including health care and food assistance programs, and 
increased stress are all magnified by their preexisting conditions or 
situations. Outdoor workers and people living in coastal and riverine 
zones also are likely to experience increased vulnerability to climate- 
induced environmental changes resulting from flooding and extreme 
weather events. 


Data to support a broad understanding of which populations 
will be most susceptible and vulnerable to diseases affected by 
climatechangearegenerallylackifigat this time; however, data are 
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a\’ailable that identify vulnerable populations for some diseases 
with environmental causes or triggers that are likely to be altered 
by climate change. For example, reducing \'ehicle emi^ions 
mean tliat populations li\'ing near freeways, who are at higher risk of 
cardiovascular disease, asthma, and spontaneous abortion, ma\'seea 
reduction in incidence of these effects.'' Expanding research on these 
diseases to incorporate effects of climate change will help to identify 
\-ulnerab!e populations, and also to de\-elop the strategies needed 
to adapt to climate changes and avoid excess health risks. These 
research efforts, if they are to be effective, must involve a broad 
spectrum of research scientists from epidemiologists and phj^cians 
to environmental engineers and community planners. Such efforts 
also will require a broad-based, multi-agency federal program that 
builds on the strengths of each agency to de\'elop an overall comjMe- 
iiensive reseai-ch agenda. 

Public Health and Health Care Inf rastructure. The term 
“public health” describes tiie science of preventing disease, prolong- 
ing life, and promoting health and its application to society, com- 
munities, and groups. In contrast, “health care” primarily focuses 
on the treatment of illness and the protection of mental and ph\ sical 
well being in individuals through sendees pro\ idedby phjsicians and 
other health care professionals. Together, these two areas are tasked 
with tlie protection of the health of the people of the United States. 

Public health agencies exist across the United States in most large 
cities, as well as at the county, state, and federal levels. Schools of 
public health and other training and research institutions add to the 
total public healtli infrastructure investment of the United States, 
which is very large and quite complex. The public health system will 
play a critical role in the prevention of human disease from climate 
change. As such, public liealth agencies should be deeply involved in 
researching, developing, and implementing adaptation strale^es to 
climate cliange. Tliere is a critical need for research to understand 
how climate change will alter our public health needs in the United 
States, and to design optimal strategies to meet those needs.^** 

The health care delivery infrastructure in the United States isev^n 
more diverse and complicated than the public health infrastructure 
(though there are multiple overlaps between the two systems). 

Fi-oin family doctors in small towns to complex university research 


hospitals in large cities, health care professionals are the primary 
source of medical treatment, prenatal and pediatric care, and 
individual health protection and promotion for people in the United 
Stat^ But this infrastructure is also vulnerable to climate change 
in a number of very- important ways. Disasters can severely hinder 
the delK'ery of health care, witli long-term impacts. Changes in the 
numbers of patients and the spectrum of diseases with whiclr they 
present could occur in some regions as the climate changes. The 
types of advice offered to patients with chronic conditions and the 
infrastructure to support them may need to be adapted to protect 
against climate-induced changes that may make these individuals 
more vulnerable. Currently tliere is limited research to guide these 
types of decisions. 

The public health community is in the early stages of develop- 
ing modeling skills and capacity in relation to climate change, 
particularly for combining climate models with ecological and other 
health outcewne models for use in projecting disease dynamics under 
various climate scenarios, in order to understand these dynamics, 
a sustained survrillance infrastructure that integrates human and 
ecolo^cal health (terrestrial, marine, aquatic) is critical. While the 
public health community has developed considerable expertise in 
behavioral science and health education, this expertise has >'et to be 
applied to the most trenchant issues related to climate change. 

Sea-level rise, coastal erosion, and population displacement will 
create challenges for public health infrastructure that has been 
constructed over a period of hundreds of years. Disruption of coastal 
routes and harbors by sea-level rise will present additional challenges 
to health care delivery and food distribution. It is doubtful that 
transportation infrastructure will be able to adapt quickly enough to 
large population shifts that maybe made in response to changes in 
rainfall patterns. Displaced populations will need sewer and water 
resources in new locations. The sewer and water resources in coastal 
locations may be threatened directly by sea-level rise. 

Capacities and Skills Needed. Many of the existing skills used 
in public health and health care are well established and applicable to 
dealing with the liealth effects of climate change, but new skills will 
also be needed. Skills used in certain types of disease surv^eillance 
are w^ll established. Less well established are the skills and methods 
needed to integrate current and future surveillance activities 
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and retrospective datasets with weather and climate information. 
Understanding of how to conceptualize and conduct epidemidc^icat 
analysis using weather and climate as exposures is also preliminary. 
Methods and skill in combining spatial epidemiology with ea)logical 
approaches are also lacking. There is a strong need for the ability 
to translate \-u!nerabilit>' mapping and health impact assessments 
(HIAs) into behavioral changes and effective public health actions. 

A greater emphasis must be placed on de\’eloping and maintaining 
interdisciplinarj’ and inter-institutional collaborations, as well as on 
ensuring that established resources and expertise of all of the rele\’ant 
disciplines, including climatolog],; modeling, environmaital scieitce, 
risk assessment, public health, and communications and education, 
are applied to these pressing problems. Many additional disciplines 
including ecolog}', social science, economics, geography, behavioral 
psychology, and others will need to play a ^’ital role in climate and 
health decision making, 

Communication and Education. Other areas where public 
health professionals may contribute robustly to effects to address 
the impacts of climate change are in communication and education. 
Public health educators have a strong histoiy of promoting health 
and wellness through educating individuals and communities about 
healthy behaviors and disease prevention or management. Tlie same 
skills are critical to helping raise awareness of the potential impacts 
of climate change, and translating the scientific research and other 
technical data into credible and accessible information for the public 
to use in making informed decisions that will protect their health and 
the environment. 

Recent .studies show that the majoritj' of those living in the United 
States now believe that climate change is a real and serious threat 
that is cau.sed by human activity. However, research is still needed 
to determine how to effectively educate and organize the {Hiblic 
to respond. This is complicated by recent research showingthat 
various audiences within the American public respond to tlie issue 
of climate change each in their own distinct way."' Research is 
needed that will aid climate change communicators and educatore in 
adapting their messages and approaches to most appropriately and 
effectively reach and be assimilated by each individual audience. 


In addition to the general public, other audiences—each with their 
mvn culture and means of acquiring information—also lequiie 
effecthe communication on issues of climate change. Stakeholders 
sudi as natural resource managers, policy makers, infrastructure 
planners, health care prwiders, and others also need access to 
oediMe and timely climate change information to inform their 
daision-making. 

Protecting human health is an issue that crosses institutional, 
scientific, and political boundaries. In the United States, no single 
institution at the local, regional, or federal le\’el can fully protect 
public health without cooperation from other institutions. In 
addition, no single scientific field is capable of accomplishing all 
aspects of the research needed to understand the human health 
consequences of global climate change; such an endeavor will 
require a broad-based, trans-disciplinar>' research portfolio. And 
in our global society, the highly integrated activities of individuals 
around the world mean that no one country can be solely 
responsible for addressing the health impacts of global climate 
change. Through the process of developing this white paper, it 
rapidly became clear that identifying research needs; mobilizing and 
creating the expertise, resources, tools, and technologies to address 
them; and translating these efforts into solutions that will enable 
human adaptation to our changing environment while protecting 
public health will require collaborations on an unprecedented scale. 
Such collaborations should build on the strengths and capacities of 
individual organizations in ways that maximize the efforts of the 
group toward these shared goals. 
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Allergic diseases, including asthma, hay fe\’er, rhinitis, and atopic 
dermatitis, impact approximately 50 million individuals within the 
United States and are associated \vith significant health care costs 
and lost productivity. ' In the early 1990s, the United States attrib- 
uted health care costs of $11 billion to all respiratory- disease with 
an estimated loss of 3 million workdays and 10 million schooldays.'” 
Asthma is the second leading cause of chronic illness among 
children and is rapidly rising among children less than five years of 
age: however, the prevalence of asthma is highest amtmg adults.^^ 
Incidence rates of asthma and other respiratory allergic diseases 
are often difficult to obtain; howei’er rates of prei’alence and 
disease exacerbation show a disproportionate trend along certain 
socioeconomic lines. Hospitalization rates, emergency department 
use, disability and death are often highest among children, African 
American and Hispanic populations, persons living in the inner city, 
and the poor. 

In recent decades, the world has seen a sharp rise in prevalence as well 
as severity of such respiratory' diseases. 'I'he incidence of respiratory- 
diseases grew markedly in the United States over the last se\'eral 
decades but has begun to plateau in recent years. Some experts specu- 
late that the global rise In asthma was indirectly' related to climate 
change. ■*’ Many respiratory allergic diseases are seasonal with climate 
sensitive components; climate change may iiicrease the incidence and 
exacerbation of such allergic diseases, While scane risk for respiratory- 
disease can be clearly linked to climate change, for many others the 
risk attributable to climate change is unclear. Giv«i the pnn alence of 
these diseases and the significant disease burden imposed by asthma 
and respiratory’ allergic disease, further research Into the impacts of 
clin-iate change on these diseases should be a high priority. 

Management of asthma and other respiratory allergic diseases relies 
on sex'eral factors including .strict control of exacerbation triggers of 
the diseases, Although not all asthmatic episodes are triggered by 
en\-ironmental factors, a significant number are, including factors 
such as ambient air pollutants, allergens, stress, and a host of other 


environmental variables. As a result, changes to en\-ii-onment may 
adv^sely impact the severity of climate-sensitive diseases. 

In addition to impacts on asthma and other allergic diseases, climate 
change has the potential to impact airway diseases hy increasing 
ground level ozone and possibly fine particle concentrations. 

Breathing ozone can trigger a variety of reactions including chest pain, 
coughing, throat irritation, and congestion; and can u-orsen bronchi- 
tis, emphysema, and asthma. Exposure to ground-le\el ozone can also 
reduce lung function and inflame the linings of the lungs; repeated 
exposure may permanently scar lung tissue. ' Fine particles (few-er 
than 2.5 micrometere in diameter, or PM, ^ contain microscopic solids 
or liquid droplets that are so small that they can get deep into the 
lungs where they- cause serious health problems. Numerous scientific 
studies have linked exposure to fine particle pollution to a variety of 
health problems including increased respiratory symptoms (irritation 
of the air\vay’s, coughing, difficulty breathing), decreased lung func- 
tion, aggravated asthma, development of chronic bronchitis, irregular 
heartbeat, nonfatai heart attacks, and premature death in people with 
heart or lung disease.’* 

Impacts on Risk 

Climate change will affect air quality through se\’eral pathways including 
production and allergenicity of aeroalleigens such as pollen and mold 
spores and increases in regional ambient concentrations of ozone, fine 
particles, and dust. Some of these pollutants can directly cause respira- 
tory' disease or exac«tbate respiratory' disease in susceptible individuals. 

Earlier flower blooming resulting from temperature increases and 
increased carbon dioxide (CO,) concentrations affects timing of dis- 
tribution erf aeroallergens such as pollen through plant photosynthesis 
and metabolism.’^'' There is also a possibility that certain aeroallergens 
may become more allergenic as temperatures and CO, concei-itrations 
increase. ' Precipitation-affected aeroallergens such as mold spores 
also are of concern, as 5% of individuals are predicted to have some 
respiratory allergic airway symptoms from molds over their lifetime. 
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In the presence of certain air emissions, the rate of ozeme formatkm 
increases with higher temperatures and increased sunlight, and can 
also be affected by changes in storm tracks, humidity, and stabilit>’<rf 
the boundaiy'laj'er (!ov\est part of the atmosphere).'”' Humidi^and 
temperature also partly determine the formation of PM, Research 
studies associate fine particles with negati\'e cardiovascular outeomes 
such as heart attacks, formation of deep vein blood clots, and increased 
mortality from several other causes." The.se adverse health impacts 
intensify as temperatures rise." ' Studies also link elevated expCKure 
to ground-level ozone, PM, ,, coarse thoracic PM, and aeroaltergensto 
decreased lung function, aggravation of asthma, rhinitis, e.xacerbations 
of chronic obstructive pulmonary disease, hospitalizations for respira- 
tory and cardiovascular diseases, and premature mortality. 

Air pollution overcomes the mucosa! barrier in lungs by inducing airway 
inflammation, which results in allergen-induced respiratory- responses."^ 
In addition, air pollutants such as PM^ ^ and ozone may alter the al- 
lergenicity of aeroaliergens like pollen, thereby promoting further airway 
seitsitization/'” The triggers for such adverse respiratory responses vary 
and include climatic factors (meteorological events, rainfall patterns, 
and temperature anomalies), high levels of vehicle emissions, land-use 
patterns, variables in the built environment, geography, and distance 
from roadways. ’’ Physiology also plays a significant role, as indwiduals 
with existing respiratory conditions are most vulnerable to disease 
exacerbations triggered by the environment.”’’ The populations most 
vulnerable to the increased disease risks include children, pregnant 
women, persons of low socioeconomic status, persons situated near high 
traffic zones within urban centers, and those with preexisting respira- 
tory and cardiovascular diseases. 

Other airborne exposures are also likely to wtirsen with climate vari- 
ability and change, Changes in the hydrologic cycle with increasingly 
variable precipitation and more frequent drought may also lead toa global 
increase of airborne dust, which, when coupled with anticipated stagnant 
air masses and increasingly strong inversion layers, will trap ozone and 
other airborne pollutants near the ground causing exairerbations of 
respiratory disease. Coarse thoracic PM (between 2.5 and 10 micrometers 
m diameter) is associated with increased nsk of emer^ncy' department 
visits and hospitalizations tor cardiova«:uiar outcomes, espeaallv among 


adults over 65 years of age.’" Increased incidence of wildfires in some 
areas can also contribute to PM concentrations. In certain areas airborne 
dust serves as a carrier of specific diseases, such as coccidioidomycosis, 
ca* “valley' fever," in the desert Southwest, the incidence of which has 
increased in recent years.^”' Prolonged drought will lead to more dust and 
particulate pollution while increased rainfall will cleanse the air but may 
create more moW and microbial pollution. In addition, drought, declining 
water quality', and increased temperatures contribute to the growth of 
harmful algal blooms that produce toxins that can be aerosolized and 
exambate asthma and respiratory diseases. 

Despite strong evidence of associations between a wide range of 
environmental variables impacted by climate and respiratory disease, 
the direct impacts of climate change on asthma, respiratory allergies, 
and airway diseases need further study to evaluate the fraction of 
respiratory disease risk that can be attributed to climate change and 
potentially mitigated or avoided. 

Mitigation and Adaptation 

Mitigation and adaptation strategies have the potential to both 
positively and negativel affect liuman health. Reduction of vehicle 
miles traveled will reduce ozone precursors, thereby reducing the 
ozone associated with myriad respiratory health effects, Alternative 
transportation options such as w alking and bicycling will reduce toxic 
emissions while providing positive benefits for health such as increasing 
cardiovascular fitness and contributing to weight loss (although such 
activities also have the potential to increase exposure to harmful 
outdoor air pollutants, particularly in urban areas, simply by virtue of 
increased time spent outdoors)'’'. Mitigation of short-lived contaminant 
species that are both air pollutants and greenhoiuse gases is gaining 
momentum.’’’* For example, controlling ozone or black carbon could 
bring sliort-term climate benefits and alleviate a fraction of the current 
health burden from these pollutants. Urban tree cover lias been shown 
to reduce ambient concentrations of ozone, PM, and other pollutants. " 
Significant co-benefits of urban vegetation include shade, which reduces 
the heat-island effect and decreases energy required to cool buildings, 
and a concomitant reduction in greenhouse gas emissions." ’ 
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Adaptive measures such as increased use of air c<»iditioning may al- 
leviate some of the health effects associated with exposure to chronic 
or acute heat, but also can potentially result in higher greenh<Mise 
gas emissions and further declines in air quality, depending on the 
method of power generation. Health-based research to infwro the use 
of novel fuel mixtures and electric vehicles will be important. Some 
impacts have been well characterized through life-cj-cle analj’ses, 
while others, particularly those related to novel fuels and energj' 
sources, have >et to be assessed. Careful analyses of mitigation and 
adaptation co-benefits and tradeoffs are necessary so that approfmate 
strategies are adopted. 

Research Heeds 

Climate change will likely amplify existing environmental stimulation 
of asthma, respiratory allergies, and airway disease, resulting in more 
severe and frequent disease exacerbations and an increase in the 
overall burden of these conditions. Thus, continued research on climate 
change’s effect on alterations in the composition of aeroallergens 
and air pollutant mixtures and their consequent effects on health is 
essential. Research needs include: 

• developing and validating real-time remote sensing and other in 
situ monitoring techniques to evaluate air quality, aeroallergens, 
aerosolized pathogens, dust burdens, and otlter dimate-sensitive 
exposures directly linked to asthma and airway diseases 

• understanding and modeling the impact of climate change on air 
quality, aeroallergens, and aerosolized marine toxins, and the result- 
ing effects on asthma and airway diseases including in vulnerable 
populations 

• applying modeling originally developed to assess health effects of air 
pollution and other ecological niche modeling to climate-sensitive 
diseases 

« establishing climate-sensitive exposure metrics, with appropriate 
temporal and spatial dimensions, that are most strongly associated 
with astiuna, allergy, and airway diseases 

• identifying and mapping populations and communities at increased 
risk of climate-related respiratory disease, which will also help to 
identify populations at risk for other climate-related health impacts 
as many environmentally mediated diseases share common risk 
factors 

« using epidemiological investigations to study the relationship 
between climate variables; altered production, distribution, and 
reactixity of pollen and marine toxins; changes in air pollutants; and 
the prevalence, severity, and onset of asthma exacerbaticwis 


• ^iKhing the health effects of airborne and indoor dust on asthma 
exacerijation, Including changes in dust composition resulting from 
climate change 

• understanding the acute and long-term impacts of wildfires on 
a^hma and other respiratoiy- diseases 

• examining chemicals used in energy efficient technologies to ensure 
that they do not contribute to lung sensitization, asthma, or other 
respiratory diseases 

• examining the relative risks for respiratory disease based on 
chemicals with lower global warming potential than existing 
greenhouse gases 

• developing early warning s%'stems for state and local governments 
and public and environmental health officials to anticipate and 
mitigate climate-related health impacts 

• imptwing methods of identifying risks and communicating with 
vulnerable populations to reduce climate change impacts on all 
respiratory diseases 

• develofHng decision support tools including health impact assess- 
ments (HIAs) of the burden of respiratory diseases attributable to 
climate diange for help in identifying and selecting climate change 
and air quality mitigation and adaptation policies that will promote 
health benefits 

Research needs also call for improvements in various capacities and 
skills. Air pollution modeling is well established and the health impacts 
of se\ eral species of particles and aeroallergens are reasonably well 
understood. However, the complex introduction of aeroallergens under 
a changing climate will require the expansion of scientific expertise 
to include bertany and ecology in addition to meteorology and the built 
environment. Research will require the use of geographic information 
sj'stems (GIS) and remote sensing expertise in new ways, as well as the 
application of no\«l vulnerability mapping techniques, early warning 
systems, and other public health tools. Spatial epidemiological methods 
will bring new power to ecological studies of air quality and public 
health. Identification and collection of integrated and appropriately 
scaled social, ecological, and epidemiological data are needed for 
effective monitoring and modeling. For health communications, novel 
strat^ies are required to identify vulnerable populations and develop 
communication strategies that will effectively reduce risk. 



313 






314 



Cancer refers to a group of diseases in which abnormal cells dhide 
without control and are able to invade other tissues. There are more 
than too different types of cancer, and they are generally refmed to 
b>' the organ or type of cell in which they arise {e.g. breast, prostate, 
colon). Cancer is the second leading cause of death in the United 
States after heart disease, killing more than half a milliwi peof^e 
every year.'^'’ Lung cancers, with about 220,000 new cases per v-ear 
and about 160,000 deaths, account for about 30% of overall deaths 
from cancer in the United States. ' The main cause erf lung cancer is 
smoking, especially cigarettes, but air pollution,’’^ including indoor 
air pollution’’'' and fine particulates, also contributts to the burden 
of lung cancers. 

Tliere are potential impacts on cancer Ixith directly from climate 
change and indirectly from climate change mitigation strategies. 
Climate change will result in higher ambient temperatures that may 
increase the transfer of volatile and semi-iolatile compounds from 
w^ater and wastewater into liie atmosphere, and alter the distribution 
of contaminants to places more distant from the sources, clianging 
subsequent human exposures.”^ Climate change Is also expected to 
increase heavy precipitation and flooding events, which ma\- increase 
the chance of toxic contamination leaks from storage facilities or 
runoff into water from land containing toxic pollutants. Ver\' little is 
known about how such transfers will affect people’s exposure to these 
chemicals—some of which are known carcinogens— and its ultimate 
impact on incidence of cancer. More research is needed to deter- 
mine the likelihood of this type of contamination, the geographical 
areas and populations most likely to be impacted, and the health 
outcomes tliat could result. 

Although the exact mechanisms of cancer in humans and animals 
are not completely understood for all cancers, factors in cancer 



derelopment include pathogens, em'ironmental contaminants, age, 
and genetics. Given the challenges of understanding the causes of 
cancer, the links between climate change and cancer are a mixture of 
fact and supposition, and research is needed to fill in the gaps in what 
we know. 

Impacts on Risks 

One possible direct impact of climate change on cancer may be 
through increases in exposure to toxic chemicals that are known 
or suspected to cause cancer following heavy rainfall and by 
increased volatilization of chemicals under conditions of increased 
temperature. In the case of hea\ y rainfall or flooding, there may 
be an increase in leaching of toxic chemicals and heavy metals 
from storage sites and increased contamination of water with 
runoff containing persistent chemicals that are already in the 
environment. Marine animals, including mammals, also may suffer 
direct effects of cancer linked to sustained or chronic exposure to 
chemical contaminants in the marine environment, and thereby 
ser\’e as indicators of similar risks to humans,' Climate impact 
studies on such model cancer populations may provide added 
dimensions toour understanding of the human impacts. 

Another direct effect of climate change, depletion of stratospheric 
ozone, will result in increased ultraviolet (UV) radiation exposure. 

UV radiation exposure increases the risk of skin cancers and cata- 
racts.'*'’ The incidence of typically nonlethal basal cell and squamous 
cell skin cancers is directly correlated to the amount of expasure to 
UV radiation. This effect is compounded by several other variables 
including tentperature and exposure to other compounds that can 
amplify the carcinogenic potential of UV radiation.^*’ Rising tempera- 
tures (such as occur at nigiit versus day and in summer rersus winter) 
are associated with increases in UV exposure. If increases in average 
or peak temperatures occur as a result of climate change, an increase 
in the incidence of non-melanoma skin cancers may occur. Previous 
studies hare shown that increased UV radiation exposure combined 
with certain pofyxij'clic aromatic hydrocarbons (PAHs) can enhance 
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the phototoxicity of these compounds and damage DNA.'* How’exw, 
it is also possible that increased exposure to UV radiation could 
eie\'ate !e\-els of circulating Vitamin D, which has been associated 
with a decreased risk for certain caiicers such as colorectal cancer.” 
Increased UV radiation also could impact the liuman immune sv'Stem 
and alter the body's ability to remo\-e the earliest mutant cells that 
begin the caiicer process, although it is unclear whether these changes 
would be beneficial or detrimental. ‘ 

Mitigation and Adaptation 

In addition to direct impacts of climate change on cancer, the impact 
of mitigation strategies on cancer should also be considered. For 
instance, co-benefits of decreased greenhouse gas emissions and 
decreased caiicer incidence may be attainable with energ>' efficient 
powder generation and reduced emissions through lower v'ehicle miles 
traveled. These benefits could be realized through decreases in toxic 
outputs of fossil fuel-based power generation and transportation, 
including sulfur oxide and particulate matter (PM), which have been 
implicated in lung cancer.' 

Decreases in greenhouse gas emissions are generally associated with 
decreases in cancel's that occur due exposure to such pollutants. 
Increased enei'gy efficiency will lead to reductions in emissions of sulfur 
dioxide, nitrous oxides, and PM, which should lead to reductions in rates 
of premature death including from certain cancers. ' In most cases, 
these emission reductions will also result in subsequent reductions 
in ambient concentrations of ozone and secondary PM^ which have 
been implicated in a variety of health effects including lung cancer. 
Reductions in other hazardous air pollutants, such as heavy metals from 
power generation and industrial processes that are known or suspected 
to cause cancer or other serious health effects, may also occur. 

Several technologies current^ being pursued to decrease greenhouse 
gas emissions may also help to reduce cancer incidence. For example, 
reducing greenhouse gas emisvsioi^ from the transportation sector m^’ 
be accomplished bv- reducing vehicle miles traveled through a variety 
of approaches such as high-density development, preserv^ation of green 
space, and widespread use of mass transit. However, the impacts of 
some mitigation technologies on cancer have not been fully exj^red. 



For wcample, nanotechnology may be promising for mitigating 
climate diange through its use in efficient hj'drogen powered vehicles, 
enhantfid and cheaper solar power technology, and tlie development 
of a new’generaticm of batteries and supercapacitors, yet little is known 
about potential links to cancer and other health outcomes. 

New technologies have been proposed to decrease our dependence on 
greenhouse gas-intensive power generation and fuel use. However, 
many of these have potential impacts on cancer t liat should be more 
fully investigated prior to being implemented. The widespread adop- 
tion of biofuels may have unintended consequences including possible 
increases or decreases in cancer due to a change in the level of existing 
pollutants or the creation and emissions of new- air pollutants. 

Also, barring changes in agricultural practices, there is potential for 
increased pesticide use for the growth of certain biofuels such as corn 
ethanol Exposure to some legacj- pesticides has been implicated for 
cancer in both adults and children,’^ ’ leading to current efforts by the 
EP.\ to avoid this problem in new products. 

Research is needed to understand if there are cancer implications 
from the use of electric vehicles, including the production and 
disposal of portable electric storage systems. Manufacturing of 
batteries for electric cars and photovoltaic (solar) power systems ma>' 
have consequences including increased exposure to metals. Tlie most 
common tv pe of battery currently in use is the nickel-metal-hydride 
(NiMH) batterv', with other types of batteries (lithium ion, lithium 
ion polymer, valve regulated lead acid, and nickel-cadmium) also 
under development for vehicle use, Increased use of NiMH batteries 
will necessarily require significant increases in nickel production and 
the impacts assodated with nickel raining and refining. High-level 
nickel exposure is associated with increased cancer risk, respiratory 
disease, and birth defects; the same is true with certain othei’ metals, 
especially cadmium and lead. 

Increased production of solar cells also can lead to increased environ- 
mental risks.^* For example, cadmium-tellurium (CdTe) compounds 
in photovoltaic sj-stems and the potential for increased cadmium 
emissions from mining, refining, and the manufacture, utilization, 
and disposal of photovoltaic modules. Cadmium and cadmium 
compounds like Cdlfe are classified as known hviman carcinogens 
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by the National Toxicology Program and the International Agenw 
for Research on Cancer and as probable human carcinogens hy the 
EPA. ’ ' Acute exposure to CdTe can result in respiratory irritation 
and toxicity Some of the other hazardous materials pr^ent in 
solar manufacturing include arsenic compounds, carbon tetra- 
chloride, hydrogen fluoride, hydrogen sulfide, lead, and selenium 
compounds, many of which ha\^ been linked with multiple health 
effects, including cancer. 

Production of hydrogen fuel cells will require significant increase 
in the total amount of platinum consumed worldwide, with a similar 
increase in mining and the en\ironmental impacts associated with 
mining, processing, and transport. If hydrogen is used in a significant 
way as a transportation fuel, consideration must be given to the impacts 
of emissions from leaks during production, fueling, and operalicm. 
Increased hydrogen iealts could result in stratospheric ozone depletion 
by up to 20%,^* which could lead to increased incidence of skin cancer. 

For mitigation of climate change, nuclear power has been suggested 
as a possible alternative to coal-based power generation. Although 
the nsks associated with direct exposure to radiation from nuclear 
power generation have been below accepted danger levels throughout 
the industiy’s history, the human health consequences over the full 
nuclear energy life cycle (production through waste disposal) maybe 
of greater concern."’^ 

Heatlth Impact Assessments (HIAs) are a useful emerging strategv’ 
for evaluating the health effects of novel policies and technologies 
at various scales, and have already been applied to sev'eral potential 
climate change mitigation strategies/*° Given the widespread uncer- 
tainty regarding the potential health impacts, including cancer, of 
certain mitigation strategies, IIIAs can be a valuable tO(^ for evaluating 
possible health effects, espedallj' when used in combination with other 
approaches to life-cvcle assessment. 

Research Bleeds 

Many of the cancer risks resulting from the direct effects of climate 
change have been fairly well studied. The largest research gaps are in 
the materials and methods used for mitigation and adaptaticm, and 



tl^r potential to increase or decrease cancer risks. Research needs 

include: 

• utilizing animal cancer surveillance and investigations as sentinel 
bicmiedical models to better understand the environmeiita! factors, 
mechanisms, and pathways of mammalian cancer risk 

• devebpingand sustaining facilities and expertise to rapidly 
assess and mcmitor the threat of previously unrecognized toxins, 
carciiw^ens. and other bioactive inolecules produced in response 
to stress mi marine environments 

• underetanding the impact of increased heavy precipitation and 
flooding ev'ents on the risk of toxic contamination of the environ- 
ment from storage facilities or runoff from land containing toxic 
chemicals, including the geographical areas, ecosystems, and 
populations most likely to be impacted and the health outcomes 
that could result 

• understanding how climate changes such as changes in tempera- 
ture and precipitation affect exposure to toxic chemicals including 
volatile and semi-volatile compounds and known or suspected 
human carcinogens 

• elucidating the effects of ambient temperature on UV radiation- 
induced skin cancers, including the amplification of non- 
melanoma skin cancers 

• evaluating the potential cancer risks through the entire life cycle 
of biofuel production, including risks from novel air pollutants and 
changes in agricultural practices that may increase exposures to 
pesticides, heibicides, and other environmental contaminants 

• understanding cancer risks from the life cycle emissions of 
carcinogens and untested compounds associated with alternative 
energy' and transportation technologies, particularly electricity 
storage systems and photovoltaic systems 

• clarifying the life cycle cancer risks of nuclear energy radiation, 
including through occupational and environmental exposures 

• developing mechanisms to conserv'e and explore marine and 
terrestrial biodiversity in environments likely to yield cancer cures 
and treatments 

• characterizing and quantifying changes in cancer rates from 
implementation of specific greenhouse gas mitigation strategies, 
especially for existing fossil fuel-based energy production and use 


nb.gov/cnmaterepor1 
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■ . , * ''diowascHlar Disease 
Stroke 


Cardiovascular disease refers to a class of diseases that pertain to the 
heart or blood vessels. Cardiovascular disease is the leading cause of 
death in t!ie United States, with 631,636 deattis In 2006, the last v-ear 
for which statistics are available. Stroke is the third leading cause, 
with 131,119 deaths in 2006.^ ' Approximately 80 million Americans 
ha\e some form of cardiovascular disease including hypertension, 
coronary artery disease, heart attack, orstroke.'’'* Other cardiovascular 
diseases such as cardiac dysrhythmias {abnormal electrical aclKity 
in the heart), deep x-enous thrombosis (blood clots), and pulmonary 
embolism (blood clots in the lung) increase the numbers further. The 
American Heart Association and the National Heart, Lung, and Blood 
Institute together estimate that cardiovascular disease will be respon- 
sible for $475.3 billion in direct and indirect health care expenditures 
in 2009.’*^ Altogether, this dixerse set of conditions is a major dri\er of 
health care expenditures and disability. 

There is evidence of climate sensitivity for several cardlov ascular 
divseases, with both extreme cold and extreme heat directly affecting 
the incidence of hospital admissions for cliest pain, acute coronary 
syndrome, stroke, and variations in cardiac dysrhythmias, though 
the reported magnitude of the exposure-outcome associations 
is variable.* ' Weatlier conditions such as extreme heat serve as 
stressors in individuals with pre-existing cardiov-ascular disease, 
and can dii'ectly precipitate exacerbations.* ‘ There is also evidence 
tliat heat amplifies the adverse impacts of ozone and particulates on 
cardiovascular disease. These pollutants are litely to be affected by 
climate change mitigation activities, and thus, likely reduce rates of 
cardiova-scular morbidity and moi-tality'; While the fraction of disease 
risk attributable to weather and associated environmental exposures 
is not known, given the prevalence of cardiov'ascular disease and the 
prev'entable nature of the exposures, further research into associations 
between weather, climate vanabihtv. long-term climate change, and 
cardiovasculardisea.se is an immediate need. 


Impacts on nisk 

Cardiovascular mortality associated with heat has been declining 
o\«r time, presumably the result of increa.sed air conditioning use; 
mortality associated with extreme cold has remained constant.**' 
Cardiovascular hospital admissions increase with heat.* ' 
Dysrhythmias are primarily associated with extreme cold,** 
though associations with dysrhythmias and heat illness have been 
reported,**^ Stroke incidence increases with increasing tempera- 
ture, as well. ' ' For all direct associations between temperature and 
cardiovascular disease and stroke, elderly and isolated indiv'iduals 
are at greatest risk. 

Indirect impacts of weather, weather variability, and climate changes 
on cardiovascular disease are many and varied. Associations between 
air quality, especially ozone and particulate burdens, and cardiovas- 
cular disease appear to be modified by weather and climate. Ozone, 
whose formatiOT increases with temperature, increases cardiac 
effort and impairs pulmonary’ gas exchange. ' Ozone concentrations 
modify the association between temperature and cai'diovascular 
mortality,*'' and are also associated with acute myocardial infarc- 
tion** (as discussed in the chapter on Asthma, Respiratory Allergies, 
and Airway Diseases). Particulate matter is associated with a variety 
of pathophysidogical changes including systemic inflammation, 
deranged coagulation and thrombosis, blood vessel dysfunction and 
atherosclerotic disease, compromised heart function, deep venous 
thromboses,* ' and pulmonary embolism.*” Increased burden of PM^ ^ 
isas.sociatedwith increased hospital admissions and mortality from 
cardiovascular disease,*^ as vrell as ischemic heart disea.se.‘”' 

Other climate-related exposures are indirectly associated with 
incidence of cardiov’ascular disease and disease exacerbations. 

i-m u. mTv:. ’ I- 1 1 
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Extreme weather extents affect cardiovascular health throu^ several 
pathways. Direclh’, the stress of tlie eN'ent and anxiety over ev«nt 
recurrence are associated with myocardial infarction,' "’ sudden car- 
diac death, " ' and de\‘elopment of stress-related cardiorajopathy. 
Indirectly, displacement related to disasters is frequently associated 
^v-ith interruptions of medical care for chronic medical conditiotK,'"" 
putting populations with chronic cardio\ascular conditions at risk 
for disease exacerbations. 

Climate is also implicated in another indirect risk for cardiovascular 
disease: the incidence of certain \'ectorborne and zoonotic diseases 
CV’BZD) with cardio\ ascular manifestations. One estimate hc^ds that 
approximately io% of strokes in the developing vrorld are related to 
exposure to certain VBZD, majiy of which are climate sensitire. In 
particular, Clragas disease is an important cause of stroke worldwide 
(although not in the United States): 20 million people globally have 
chronic Chagas, which is an independent risk factor for stroke 
in Latin America' and a leading cause of heart failure in South 
America, There is some evidence of climate sensitivity forCliagas 
disease,'*"’ though the topic is little studied. In the United States, 
Lyme disease is a prevalettt vectorborne disease that has cardiovas- 
cular manifestations, ' ' though the incidence (rf such manifestations 
is much lower than that associated witli Chagas disease. 

There is little publislied literature on the projected direct and indi- 
rect impacts of climate change on cardiovascular disease incidence. 
Many of the studies coupling down-scaled climate projections witli 
health outcomes have examined a particular exposure, such as heat 
or ozone, and projected mortality based on known a^ociations. but 
do not make specific projections as to the incidence of cardiovascular 
morbidity and mortality. Insofar as climate change will bring 
increased ambient temperatures, increasingly \'ariable weather, and 
increased extreme e\'ents, vs*e can infer that climate change will likely 
have an overall ad\‘erse impact on the incidence of cardiovascular 
disease. Similarly, the impact of climate change on the incidence 
of cardiovascular complications from extreme weather events and 
certain VBZD is also likely to increase. However, the magnitude 
of tiiese effects and the degree to which they can be lessened with 
adaptation efforts is unclear and warrants much further studv. 


Mitigation and Adaptation 

TTie likely’ impiacte of climate change mitigation acti\ities on risk of 
cardiovascular disease and stroke depiend primarily on emissions- 
associated energy^ production actix'ities, particularly in the transpor- 
tation sector. Some mitigation activities related to energy production, 
such as the increased use of wind, wa\-e. solar, and nuclear sources of 
pKftver generation, are likely to reduce caixliovascular disease risks by 
reducing particulate and other air pollution emissions, 

Mitigaticm activities such as increasing the density of urban develop- 
ment, enhancing public transportation options, and encouraging 
alternatives to single occupancy vehicle use are likely to benefit 
cardiovascular fitness, reducing the overall burden of cardiovascular 
disease.'*’ More research is needed, including economic analyses, to 
determine the most beneficial strategies to pursue. As with repara- 
tory health risks, risks of cardio\ ascular disease and stroke may be 
reduced in urban populations througli filtration of ambient pollut- 
ants by tree cover. *^^ Co-benefits of tree cover include heat-island 
alleviation, reduced energy use to cool buildings, and consequent 
reductions in greenhouse gas emissions. 

Fuel mixtures each have different particulate and other criteria 
pollutant profiles, and variously reduce net greenhouse gas emis- 
sions. Fuel mixtures associated with high emissions of particulates 
or other pollutants such as nitrous oxides and carbon monoxide will 
ha\ e adverse impacts on cardiovascular health, * as these pollutants 
are associated with incidence of cardiovascular hospital admissions 
among those with existing heart disease, ' Preliminary analysis of 
certain biodiesel blends is promising ’’ but more research is needed 
to fully characterize likely health impacts of large-scale mitigation 
activities related to transport fuels. ’ ‘ Some biodiesel blends appear 
to produce emissions with few negativ e health consequences. 

While an association between PM exposure and increased risk of 
cardiovascular disease has been demonstrated, it is unclear w’hicli 
chemical constituents mediate this effect. More research is needed 
to better identify these pollutants, which in turn will help to predict 
the potential benefits ofalternative combustible fuels. ’ Due to 
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the unique electrophysiological properties associated with the V’ery 
high heart rates of the rodents most commonly used in researching 
dysrhythmia, these biomedical models do not alw-aw closdy re^^icate 
human conditions. In contrast, the rates and underl>ing ^Ayskdogy 
of fish hearts are closer to humans and, as such, fish modds shcwld 
be explored as tools for undemtanding and screening the effects of 
various transport fuels. 

Projecting the health impacts of adaptation activities, particularh-the 
increased use of air conditioning to protect vulnerable populations 
from extreme heat, requires assumptions regarding how these activi- 
ties iviil be powered. For instance, if significant additional electricity 
demand is met through increased fossil fuel combustion, then there is 
likely to be increased exposure to particulates and ozone as a result 
Hovvever, these exposures may be partially offset by the protective 
effect of air conditioning. Most other adaptation activities are likeh’ to 
have little direct impact on cardiovascular disease incidence. 

Research Sleeds 

As noted, there are significant gaps in our understanding irf climate 
change impacts on cardiovascular disease, particularly for morbidity, 
and there is virtually no research projecting future cardiovascular 
liealth impacts of climate change. Research needs include: 

• increasing research on the incidence of cardiac dysihj^hmias and 
associations with temperature and other environmental exposures 

• enhancing research on the complex syner^stlc effect of 
temperature, weather variability, long-term climate change, and 
environmental exposures such as criteria air pollutants on the 
incidence of various cardiovascular disease outcomes 

• Intensifying investigation of the likely cardiovascular complica- 
tions of VBZD prev'alent in the United States and global!)' 

• characterizing the multiple individual constituents of alrpollution 
to better anticipate the health effects from switching the mix 
pollutants in air through the use of alternative fuels 

« studving strategies for incorporating cardiovasciibr disease 
outcomes in HIAs and integrated assessment dimate modds, 
including further characterization of exposure-outcome associa- 
tions for cardiovascular morbidity in different geographic regions 


• developing a national standanl for heat-related mortality to 
fecilitate epidemiologic study of mortality from heat and other 
aMn{Hbid conditions 

• targeting research on early warning systems and health com- 
munications aimed at groups particularly at risk for adverse 
cardiovascular outcomes related to climate change 

• identifying and quantifying the co-benefits to cardiovascular 
health of redudng our reliance on fossil fuel-based energ)’ and 
changing emission scenarios 

• characterizing both the potential health risks and benefits of novel 
fuels and other energy production activities being considered for 
large-scale adoption as part of a national mitigation strateg)' 

Several cardiovascular disease research priorities dovetail with 
other areas. In particular, research into health impacts of increased 
temperature, extreme w’eather, and changes in air quality associated 
with climate change will inform research into cardiovascular health 
impacts. Similarly, research into eariy \vaming systems and inte- 
grated assessment models is transferable to other health outcomes 
associated vriih dimate change, and research into the health impacts 
of potential mitigation and adaptation activities can be applied to 
other health outcomes sensitive to particulate and other emissions. 
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Nutrition is the sum of the processes by which humans and othwlhing 
organisms take in food and use it for growth and nouri^ment. AJwig 
with clean air, water, and shelter, nutritious food is a basic necessity 
of life. Failure toobtain sufficient calories and an adequate mixture of 
macronutrients (calories, fat, proteins, carbohj-drates), microniitrients 
(vitamins, minerals) and other bioactive components of food can result 
in illness and death. According to the United Nations De\'eIopnient 
Program, some 3.7 billion people wwldwide are currently malnour- 
ished. While malnutrition and hunger are predominantly problems 
in the developing world, the United States and oth«- developed 
countries still have significant populations affected by insufficient 
food resources and undenvutrition.’'"’ Extreme weather eventsand 
change.s in temperature and precipitation patterns can directly damage 
or destroy crops and other food supplies, as well as interrupt trans|x»rt 
and distribution of food. This may happen seasonally, but is anticipated 
to become a more chronic problem under changing climate conditions. 
Indirectly, there is potential for harm from undernutrition or even 
famine resulting from damage to agricultural crc^ and related trade, 
economic, and social instability; diversion of staple crops for use in 
biofuels (corn for ethanol or other biofuels); changes in agricultural 
practices including those intended to mitigate or adapt to climate 
change; impaired ability to grow crops due to changing environmental 
conditions and water availability; and reduced availability and 
nutritional quality of protein from fisheries, aquaculture, and other 
marine-based foods, 

In addition to being a source of essential nutrients, food can be a 
source of exposure for foodborne illness. Such illness results from 
ingesting food that is spoiled or contaminated with mia-obes, chemical 
residues such as pesticides, biotoxins, or other toxic ^bstances. It Is 
estimated that there are 38 million cases of foodborne illness in the 
United States each year, resulting in ov-er 180,000 hc»pitalizationsand 
2,700 deaths," ’ Seafood contaminated with metals, biotoxins, toxi- 
cants, or pathogens; crops burdened with chemical p)esticide residues 
or microbes; extreme .shortages of staple foods; and malnutrition are 
among the prossible effects of climate change on the production, quality, 
and availability of food. The potential effects of climate change on 
foodborne illness, nutrition, and security are for the most part indirect 


RESEARCH HIGHIIGHT 
Climate change may impact rates of 
foodborne illness through increased 
temperatures, which are associated 
with increased incidence of foodborne 
gastroenteritis. Several species of 
Vibrio, naturally occurring maritie 
bacteria, are sensitive to changes 
in ocean temperature. Vibrio 
parahsamolytKUS infeas oysters and is 
the leading cause of Vibrio-associated 
gastroenteritis in the United States. ‘ 

An outbreak in 2004 in Alaska has been linked to higher than normal 
ocean temperatures, ' Other studies show a predictive relationship 
between sea surface temperature and V. vulnificus and V, cholera. Climate- 
driven changes in ocean temperature and coastal water cfuality are 
expected to increase the geographic range of these bacteria, and could 
be used to predict outbreaks. Increased temperatures also affect rates of 
other foodborne illnesses including campyiobaeferiosis and salmonellosis. 
A recent article examined the relationship between temperature and 
t.he weekly rates of several foodborne illnesses in England and Wales, 
incluclmg food poisoning, campylobacteriosis, artd salmotrcllosis 
infections, and demonstrated this relationship. Research shows a 
significant correlation of these illnesses with ambient temperature at the 
time of illness and with the previous week's temperature, Depending 
on the type of foodborne illness, for every degree centigrade rise in 
lemperatiire, results showed 2.5-6% relative incr 03 .se in the risk of 
foodborne illness, in tive United States, tjood statistics on foodborne 
diseases are lacking, although estimates range from 6 million to 81 million 
illnesses and up to 9,000 deaths each year. Though current surveillance 
of foodborne illness in the United States is patchy and the burden of 
severe disease is not well known, further research may ntake it possible to 
translate these numbers into health imp.acts. 
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and, in the United States at least, may be moderate and unlikel>' 
except in the event of disruption of government regulaforv' proems. 
However, on a global scale they are huge in terms of numbere of 
people likely to be affected and consequent human suffering. The 
Intergovernmental Panel on Climate Change projected with high 
confidence an increase in malnutrition and consequent di«>rders, 
including those related to child growth and development, as a result 
of climate change. ' ' Some of tiiese effects are already being felt in 
the wake of extreme weather events such as droughts, flooding, and 
hurricanes, and as such present a fairly immediate concern. The 
World Health Organization estimated that in 2000, there were ov^ 
77,000 deaths from malnutrition and 47,000 deaths from diarrhea 
(many from foodborne exposures) due to climate change.^'^^ 

Impacts on flisks 

The U.S. Climate Change Science Program (CCSP) reported a likeh- 
increase in the spread of several foodborne pathogens due to climate 
change, depending on the pathogens' survival, persistence, habitat 
range, and transmission in a changing environn-jent.''^* Drought has 
been shown to encourage crop pests such as aphids, locusts, and 
whiteflies, as well as the spread of the mold AspergiV/its flaws that 
produces aflaloxin, a substance that maj' contribute to tlie develop- 
ment of liver cancer in people who eat contaminated corn and nuts. 
/Vgronomists are also concerned that climate change-based increases 
in a variety of blasts, rusts, blights, and rots will further devastate 
already stressed crops, and thereby exacerbate malnutrition, poverty, 
and the need for human migration. The spread of agricultural pests 
and weeds may lead to the need for greater use of some toxic chemi- 
cal herbicides, fungicides, and insecticides,*^^ resultingin potential 
immediate hazards to farm workers and their families, as well as 
longer-term hazards to consumers, particularly children.'^ 

The safety of agricultural crops and fisheries also maj- be threatened 
through contamination with metals, chemicals, and other toxicants 
that may released into the environment as a result of extreme 
weather ev^ents, particularly flooding, drought, and wildfires, due to 
climate change. ' ' Global clianges in ocean currents and water mass 
distribution, along with changes in Arctic ice cover, length of mdt 


se^on, hydrologv^ and precipitation patterns, will alter contaminant 
and patlu^n pathvvays.'"Contaminants include a wide range of 
d^nicals and metals such as PCBs, PAHs, mercuiy; and cadmium; 
pharmaceuticals such as synthetic hormones, statins, and antibiot- 
ic^ wideh' used industrial chemicals such as fire retardants, stain 
repellants, and ncm-stick coatings; and pesticides and herbicides for 
agricultural use and vector control for public health protection. The 
health effects of human exposure to these environmental agents 
via complex land and ocean food webs are not well documented or 
underwood, but evidence from animal studies is showing that such 
ccHnpounds accumulate in foexis at concentrations that may affect 
fetal development, immune function, and other biological processes. 
These agents often occur together and may act synergistically, 
producing potentially greater harm than a single agent. 

Recent findings demonstrate that pathogens that can pose disease 
risks to humans occur widely in marine organisms and may be 
affectedly- climate change.' In one specific example, the CCSP 
noted the strong association between sea surface temperature and 
proliferation of many Vibrio bacteria species that occur naturally in 
the environment (including those that cause cholera), and suggested 
that rising temperatures would likely lead to increased occurrence 
of illness associated v^'ith Vibrio bacteria in the United States, 
especiallv' seafood-borne disease associated with V. vulnificus and 
V. parahaemolyticus.' ^ Rising temperatures and impacts on otlier 
environmental parameters such as ocean acidification may also lead 
to more virulent strains of existing pathogens and changes in their 
distribution, or the emergence of new pathogens, ^ * Increased risks 
from animal-borne disease pathogens could be especially acute in 
human populations that are highly dependant on marine-based diets 
for subsistence and who live where environmental effects resulting 
fronv climate change are pronounced (for example in certain native 
populations in iUaska). ‘ Inerea.sed acidity of water associated 
with climate change may alter environmental conditions leading to 
greater proliferation of microbes of a public health concern. This is a 
significant concern in molluscan sheilfisli, because ocean acidifica- 
tion may affect formation of their cartonate shells and immune 
responses, making them more vulnerable to microbial infection. 

The combined impact of potential contaminant-induced immune 
suppression and expanding ranges of disease-causing pathogens and 
biotoxins on food suppi>’ could be signiticant. 
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Mitigation and Adaptation 

In the long term, mitigation and adaptation decisions affecting food 
and nutrition includii^, for example, the diversion of staple crops for 
biofuel feedstock, the increased need for agricultural chemicals due 
to climate-related increases in pests and changes in pest habitats, and 
planning needs for the maintenance of food supply infrastructure and 
transport in the wake of extreme weather events are important factors 
to be considered in a strategic research plan for climate change and 
health. The benefits of biofuels, genetically modified organisms, new 
pesticides, and alternatire energj^ on nutrition and foodbome illn^ 
must also be considered. All of these technologies hare great potaitial 
to help humans mitigate and adapt to climate change, and each should 
be carefully evaluated to ensure that the best are implemented. 

Health implications, both pcKitive and negatire, of changes in animal 
agriculture and aquaculture as a result of climate change mitigation 
and adaptation need to be identified and quantified. For example, 
climate change events such as drought and flooding can result in 
changes in animal feed quality and the use of marginal lands for 
animal grazing affects water and habitat quality. Better understand- 
ing is needed of effects of the use of new or increased herbicides and 
pesticides in response to changes in growing conditions caused by 
climate change, as well as potential health effects for both humans 
and animals of ingestion of crops that have been genetically modified 
to withstand stress conditions caused by climate change. The health 
implications of biomass-based energy and biofuels, including interac- 
tions between climate mitigation strategies affecting agricultural 
and energy policies and availability of food, must be a priority area of 
research. 

Researcli Rfeeds 

New efforts are needed to combine current and antidpaled adx’ances 
in detection and warning systems for food, nutrition, and foodbome 
health threats with epidemiologic studies on the occurrence and 
se\'erity of poor nutrition and foodbome disease in humans. TTiis is 
especially needed for high-risk populations such as \\t»men, infants, 
and children, and people in resource-constrained settings. Research 
needs include; 

« projecting impacts of climate change including increases in CO^, 
temperature, drought, floods, and other extreme weather erente, 
and changes in growing seasons on food production, availability’, 
contamination, and nutritional value 


• understarrdingand predicting potential ecosystem changes from 
climate change that may establish new foodbome pathogens, 
chemical contaminants, or biotoxins, as well as new pathway’s for 
human exposure 

• assessing the impacts of climate change on outbreak incidence, 
geographic range, and growth cycles of insect pests and pathogens 
that can infect food crops and seafood, and cause human disease 

• understanding the effects of changes in food safety due to climate 
chan^-related alterations in the accumulation and toxicity of 
foodbcKTie contaminants, biotoxins, and pathogens 

• understanding of changes in nutritional status associated with 
climate change that may increase individual susceptibility to the 
adverse health impacts of other environmental exposures such as 
chemicals and hea%y metals 

• improving surv’eillance of disease-causing agents (chemical 
contaminants, pathogens, toxins) in food animals, agricultural 
crops, and seafood, as well as monitoring of exposed human 
populations in order to improve estimates of disease related to 
contamination of the food supply 

• identifyingand characterizing aspects of food production and 
distribution systems that will reduce risk of contamination and 
disease and ensure sustainability under climate change .scenarios 

• understanding the effect of ocean acidification from climate 
change-related increases in air pollution on .seafood quality and 
availability 

• developing and implementing models linking climate change and 
other environmental data (such as land use, land cover, hydrology) 
to crops and seafood to improve prediction and risk assessment 

• developing and implementing early warning systems to manage 
agriculture and fisheries rislcs related to climate change, including 
improved ccwnmunications witli domestic and international food 
security’ a^ncies 


ilfNs.riih.gov'ciimntprcport 



325 



326 




Helated M©rbidi% 
>m$ iVi®rtality 


a result of antliropogenic diiuate change, global mean tempera- 
tures are rising, and are expected to contintie to increase regardless 
of progress in reducing greenhouse emissions. ''^ Globa! awrage 
temperatures are projected to inci'ease bet\Neen 1.8 and 4.o*’C by 
end of this century. ' Climate change is expecfed to raise ox'erall 
temperature distribution and contribute to an increase in the 
frequency of extreme heat e\ents, or heat waves. ^^Temperature, 
particularly temperature extremes, is associated with a wide range 
of health impacts. 

Tlie health outcomes of prolonged heat exposure include heat 
exhaustion, heat cramps, heat stroke, and death.’ ^ Extreme heat 
ev’ents cause more deaths annually in the United States than all other 
extreme weather events combined. ' In the United States, an av erage 
of 688 persons succumb to heat-related death per.vear. Prolonged 
exposure to lieat may also result in additional illness and death by 
exacerbating preexisting chronic conditions such as various 
respiratory, cerebral, and cardiovascular diseases,'*^ as well as 
increasing risk for patients taking ps>'chotropic drug treatment for 
mental disorders, due to the body’s impaired ability to regulate 
temperature. Figures for these illnesses and deaths may be dramati- 
cally underestimated as disparities in health care make morbidity 
measurements difficult and heat is rarely identified as an official 
cause of death. Some public health response organizations are in the 
process of developing heat earl>' warning systems for anticipated heat 
wave events and extended warm periods. 

Varying age groups have been shown to be sensitive to all-cause 
mortality under excessive heat stress, including adults over 65. 
children, and infants under 1 year of age.'"’^ For type-specific 


mortality, sensitivity to death from respiratory disease has been 
demonstrated in the general population and in the elderly. ^ In 






general, risk of respiratoiy death due to heat stress is greater than 
that of cardiovasailar effects. Sensitivity to cerebrovascular disease- 
related death has been reported in Europe. ’ More commonly, 
^nsitivity to cardiovascular disease-related mortality associated 
with heat has been seen in the whole population, as well as among 
the elderly. Elevated hyperthermia death risk also has been seen 
among the elderly in the United States.' However, heat-related 
risks are not r^ionally or locally uniform: demographic shifts in 
the United States will produce concentrations of larger populations 
with higher mean age. and thereby, heightened vulnerability to 
excessive heat. 

Impacts on Risk 

Both increased average temperatures and increasingly frequent and 
severe extreme heat events produce increased risks of heat-related 
illness and death that can be significant: the European heat wav'e of 
2003 caused more than 35,000 excess deaths, ’ Human susceptibil- 
ity to heat-related illness depends on several different factors, from 
physiologic adaptation to the local environment to socioeconomic 
status, and the impact of these changing exposures will depend on 
the vulnerability of exposed populations. As noted above, host factors 
such as age and the burden of other serious illnesses such as heart 
disease and diabetes that might exacerbate heat-related problems are 
important. In the United States, the number of individuals 65 years 
of age and older (who are more susceptible to heat effects) is expected 
to increase from 12.4% in 2000 to 20% in 2060. Socioeconomic 
factors also determine vulnerability; economically disadvantaged and 
socially isolated people face higher burdens of death from heat. 

Cities and climate areco-evolving in a manner that will certainly 
amplify both the health effects of heat and the vulnerability of uiban 
populations to heat-related deaths by magnifying the increased 
temperatures caused by climate change as compared to adjacent 
rural and suburban locales. Tlie urban built environment can 






327 


Ihiman Hfolih PerspvcHvf ON tUMATS CHANCi: 


both exacerbate and alleviate tlie effects of heat. For example, high 
concentrations of buildings in urban areas cause what is known as 
the urban heat island effect: generating as well as absorbing and 
releasing heat, resulting in urban centere that are sev'eral degrees 
warmer than surrounding areas. Expanding parks and green spaces 
and increasing the density of trees in and arouiKl cities can help to 
reduce this effect. ‘ ’ It is estimated that 6o% of the global population 
will live in cities by 2030, greatly increasing tlie total human popula- 
tion exposed to extreme heat. 

Researchers comparing annual heat-related deaths for the city of 
Los Angeles in the 1990s to those projected for the mid- and late- 
21*' century have concluded that heat-related deaths will increase, 
perhaps up to seven-fold. ' Another study assessing 21 U.S. cities 
estimates that for most of the cities, summer deaths will increase 
dramatically and winter deaths will decrease slightly, even with 
acclimatization. This shift to higher summer heat-related deaths 
will likely outweigh tiie extra winter deaths averted.'^" Climate 
change is projected to increase the average number of summer- 
time heat-related deaths, with the greatest increases occurring 
in mid-latitude major cities where summer climate variability is 
greatest. Noting that tlie number of current heat-related deaths 
in U.S. cities is considerable in spite of mortality displacement 
(reduced mortality in the months following a heat e\ent due to 
increased early deaths of critically ill people who would ha\'e 
died in the near-term regardless) and the increased use of air 
conditioning, a substantial rise in weather-related deaths is the 
most likely direct health outcome of climate change. 

It is difficult to make valid projections of heat-related illness and 
death under varying climate change scenarios. A rexieiv of past 
changes in heat-related deaths found few significant relationships 
for any decade or demographic group, and suggested that impro\ ed 
medical care, air conditioning use, and other adaptation efforts 
were the causes of reduced death, stating that despite increasing 
stressful weather events, heat-related deaths are pre\'entable, as 
evidenced by the decline of all-cause mortality dii ring heat e\ents 
o\ er the past 35 years. '' Overall, research suggests that under a 
climate change scenario using current anthropogenic emissions 


trends, there will be a small increase in the overall U.S. heat- 
relat«l death rate by the end of the 21st century. ' A standardized 
definition and methodology for identifying heat-related health 
outcomes is needed for surveillance and to evaluate temperature- 
lela^ illness and death. 

Mitigation and Adaptation 

While climate change is likely to increase the burden of heat-related 
illn^ and death in the United States, many of these outcomes are 
prewntable. With aggressi\'e public health actions and widespread 
physiologic and behavioral adaptations such as robust heat early 
warning systems and other health communications, increased air 
conditioning use, decreased time spent outdoors, and increased 
wearing of sun-shielding clothing it will be possible to reduce overall 
rates of illness and death, though some of these measures may result 
in negath e health consequences as well. ’ ' 

Adaptation occurs through a range of physiological, behavioral, and 
technological mechanisms, and the slight reduction in heat-related 
deaths in the United States, despite warming trends, is likely a 
result of adaptation. In a report on acclimatization in elderly people 
o\er time, researchers showed both a declining riskof Iteat-related 
cardio\ascular deaths until no excess risk remained and a steady 
risk of cold-related deaths.’*’^ This effect was observed in other 
populations as well: o^er four 10-year time periods in the 20th century 
in London, progressive reductions in temperature-related deaths (both 
cold and hot) were reported, despite an aging populatioii.^’’^ Cities 
with cooler climates tend to experience more heat-related deaths than 
those with warmer climates because populations can acclimatize to 
some extent to heat and because populations in warmer climates are 
more likely to have access to air conditioiting. Heat-related death rates 
declined significantly o\er four decades (the period of 1964-1998) in 
19 of 28 U.S. metropolitan areas'*' ' although the trend seems to ha\e 
leveled off since the 1990s. 

Although air conditioning may explain the reduced heat-related 
death risk, it also may be due to improved standards of living, 
better access to medical care, biophysical coping mechanisms, 
and infrastructural adaptations. Depending on methods of power 
generation and the air conditioning technology used, however. 
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increased use of air conditioning may result in higher greenhouse 
gas emissions. In addition, to the extent that power grids become 
o\'erburdened during excessive heat e\ents, resulting blackouts and 
brownouts could leave populations at increased risk of deaths. 

From a public health perspective, proactive heat ware respcmse jdarn 
may prove to be a more sustainable adaptation strategy^ Fbllowing 
a 2003 heat wave in Western Euiope, France established a National 
Heat Plan incorporating several preventive measures aimed at 
reducing the risks related to high temperatures includinga heat early 
warning system. During a lasting and severe heat wave in 2006, the 
excess death rate in France was much lower than expected given the 
high numbers of deaths three years earlier; re.search si^ests that the 
decrease may have resulted from implementation of this plan. 

Research Meeds 

Research needs to improve understanding of heat*r<^ated illness and 
death, as well as impacts of heat mitigation and adaptation, include: 

* developing and implementing a standajd definition of teat-related 
health outcomes, as well as standard methodoiogiK for surveil- 
lance of outcomes and evaluation of adaptations 

* understanding risk factors for illness and death associated vrith 
both acute expasure to extreme heat events and long-term, 
chronic exposure to increased average temperatures, including 
how such exposure may alter human physiolc^y (for example, by 
impacting the body’s ability to metabolize and excrete harmful 
environmental toxicants) 

* identifying which temperature-related metrics are most strongly 
related to increased hospitalization and mortality during heat 
waves 

* quantifying the combined effects of exposure to heat waves and 
ambient air pollution on excessive illness and death 

* conducting comparative analyses of heat-related death risks for 
application to national scale analyses 

* determining attributes of communities, including regional and 
seasonal differences, that are more resilient or vulnerable to 
adveree health impacts from lieat waves 

* a.ssessing the health benefits of the use of environmental d^ign 
principles to reduce the high thermal mass of urban areas 


• characterizing the likelihood and nature of multi-system failures, 
such as power grid failure, that could lead to significant morbidity 
and mortality" during a heat wave 

• «ihandng the ability of current climate models to capture the 
observed frequency and intensity of heat waves across various 
timescales to support weather-climate predictions and use of heat 
early warning systems indecision making 

• evaluating heat response plans, focusing on environmental 
risk factors, identification of high-risk populations, effective 
communications strategies, and rigorous methods for evaluating 
effectiveness on the local level 
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Most humans develop in a predictable fashion, growing from a 
fertilized egg to fetus, newborn, toddler, child, adolescent, and 
adult in a way that is fairly well understood. The environment 
can be a potent modifier of normal development and beha\ior. 
Environmental effects on de\'elopment include subtle changes 
such as small reductions in IQ from exposure to lead, changes 
in onset of puberty from exposure to endocrine disrupting 
chemicals, ’ birth defects such as cleft palate due to dioxin-like 
compounds,'^ ' and fetal loss through exposure-related spontane- 
ous abortion. According to the Centers for Disease Control 
and Pre\'ention, about 3% of all children born in the United 
States ha\’e a birth defect, soine of which can be attributed to 
environmental cau-ses. Birth defects are a leading cause of death 
in children, accounting for almost 20% of all infant deaths. Babies 
born with birth defects also have a greater chance of illness atid 
long-term disability than children without birth defects. ' Some 
of these birth defects have been steadily increasing over the 
last 20 years, for example the rates of congenital heart defects 
have doubled, suggesting a po.ssible environmental linkage, 
although other explanations such as better reporting may also 
explain the rise. 

Recent research into early functional programming has opened 
a new perspectlv’e on the de^■e!opmenta1 and early life origins of 
liuman disease. Vulnerable periods during human de\elc^ment 
include preconception (gametogenesis), preimplantation, the fetal 
period, and early childhood, Environmental exposures during 
these periods can lead to functional deficits and des-elt^maitai 
changes through several mechanisms including genetic mutations 
and epigenetic change. Some chemicals damage DNA directly, 
causing mutations in gametes or the developing fetus that can 
lead to later disease or conditions that increase disease risks such 
as obesity. For example, toxins such as domoicacid, a biotoxin 
released from harmful algal blooms and taken up by seafood and 


RESEARCH HIGHLIGHT 
Many of the diemicafs th.at we use to control 
pests and improve crop yields can impact 
human development. Climate change will 
alter rainfall and temperature in various parts 
of the planet. In some cases, climate change 
will lead to changes in agricultural practices 
for crop yields that might increase pesticide 
use and thereby inaease human exposures. 

Changes in the range of mosquitoes and 
other pests that can carry disease also may 
lead to an increase in the use of legacy pesticides (e.g. DDT). Malaria 
is rare in the United States, although the number of cases (imported or 
indigenous) have been increasing over the last decade in some locations.’ 
The iftsecticide DDT is highly efficient for the control of mosquitoes that 
are capable of transmitting malaria to humans. Although withdrawn 
from use in the United States, DDT is still used as a desperate expedient 
to control mosquitoes in malaria-endemic areas around the world, DDT 
and its principal metabolite. DDE, are persistent in the envirorrment 
and in humans. Research has shown that women whose mothers had 
high DDT levels in their blood when they were in utero have shortened 
menstrual cycles and a reduced chance of gettmg pregnant, A landmark 
study showed that for every 10 milligrams per liter of DDT in mother's 
serum, the probability of pregnancy for the daughter dropped by 32%.^ 
Other pesticides also have been linked to similar decreases in fertility, ‘ 
Later studies on similar exposures showed equivocal resuits on time-to- 
pregnancy, but suggested effects on fetal toss, child growth, and male 
reproductive development. ’ 
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marine mammals, can bioaecumuiate in amniotic fluid and alter fetal 
development. Chemicals can also cause epigenetic changes that 
alter the way DNA is interpreted, leading to inheritable functional 
changes without changing DNA itself. These epigenetic changes could 
ha\e consequences for many diseases and de\’elopmental changes. ’’ 
For example, maternal undernutrition may act on the dewlcpng 
fetus to program the risks for adx'erse health outcomes such as 
cardioN’ascular disease, obesity, and metabolic syndrome in adult 
life. In this way, changes in maternal nutrition and in iitera exposure 
to certain cliemicals or biotoxins due to climate chaise may impact 
the health of future generations through epigenetic changes before 
conception and during pregnancj'. De\'elopmentaI change can result 
in a lifetime of suffering and ha\^ significant societal costs in terms of 
resources, medical care, and lost productivity. 

Impacts «n Risk 

People at different stages of life can respond very differently to 
en\'ironmental changes. Some changes to the environment resulting 
from climate change could alter normal human de\'eiopment both 
in the womb and later in life. Foodborne illness and food insecurity, 
both likely outcomes of climate change [see chapter on Nutrition and 
Foodborne Diseases], may lead to malnutrition. Wltile adult humans 
exposed to mild famine usually recover quite well when food again 
becomes plentiful, nutritional reductions to a fetus in the womb 
appear to have lasting effects throughout life.’'^*' Malnutrition and 
iindernutrition in pregnant women are a global cause of low birth 
weight and other poor birth outcomes that are associated with later 
developmental deficits. Malnutrition is predominanth a problem in 
the developing world, but in the United States, one in six children 
still live in pos^rty,’ and other developed countries also ha\-e 
substantial populations with insufficient food resources and under- 
nutrition tliat could be made worse by climate change. Climate 
ciiange effects on food availability and ntitritional content could have 
a marked, multigenerational effect on human dev’elopment. 

Changes in patterns and concentrations of contaminants enterir^ 
the niarine environment due to climate change will impact seafood 
species, many of which provide a major source of protein to global 
populations. Such contaminants, particularh’ metals such as 
mercury and lead that accumulate in fish and seafood, are aspecial 


ojncem for human de\'elopmental effects. " ' Similarly, an increase 
in the use <rf herbicides and pesticides for agricultural purposes, as 
wdl as alterations in environmental degradation of such chemicals 
due to chan^ in climate, could result in increased exposures that 
would e»:eed safety guidelines and increase the risk of developmen- 
tal changes. 

Other environmental exposures to pregnant women and to children 
that areassodated with climate change also present hazards to 
iKjrmal human development. For example, certain commercial 
chemicals present in storage sites or hazardous waste sites can 
alter human development. Flooding from extreme weather e\ ents 
and sea-level rise are likely to result in the release of some of these 
chemicals and heavy metals, most likelv' affecting drinking and 
recreational waters. Some of these, including mercuiy and lead. ha\-e 
known negative developmental effects. 

And while more research is required, there is good reason for 
concern based on our current body of knowledge of certain toxic 
metals and persistent organic compounds. Of the metals likely to 
become more prevalent in human environments due to climate 
change, incwganic arsenic is of great concern because it is a potent 
human carcinogen, it alters the immune system, and it is a general 
poison that is lethal at certain doses. More than lOO million people 
worldwide are exposed to arsenic through groundwater contamina- 
tion and industrial emissions. Both inorganic and methylated 
forms of arsenic have been showtJ to impede fetal development and 
increase spontaneous abortions.’* * Persistent organic compounds, 
e\'en tliose no longer in use in many locales such as DDT and PCBs, 
could increase in some human environments and decrease in others 
as a result of flooding and extreme weather e\«nts due to climate 
change’*^ Many of the Superfund toxic waste sites in the United 
States contain PCBs and dioxins that have been linked to cogni- 
tive deficits in children that continue throughout their lives. It is 
expected that every person on the planet carries some body burden 
of PCBs, but people living near contaminated sites have greater expo- 
sures and an increased risk of disease.'^*' Dioxins, PCBs, asbestos, 
benzene, flame retardants, certain pesticides, and other chemicals 
are luiown to be immunotoxicants. Changes to the immune system 
during development can remain throughout life, possibly resulting in 
a reduced capacity to fight serious infection and an increased risk of 
several other diseases including cancer. 
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Climate change may alter the abundance and distribution of hannful 
algal blooms and their associated biotoxin accumulation in fish and 
seafood. ' ' Currently there are o\er lOO known biotoxins associated 
with harmful algal blooms, and the biological effects of most are 
currently unknown; however, some have been shown to cross the 
placenta and affect the developing fetus. It is partly for this reason 
though that fish species provide excellent biomedical models for 
de\'e!opmental toxicity research, particularly the studj’ of congenita! 
heart defects. Such defects are notoriously difficult to study in 
standard rodent models due to the early dependency of mammalian 
embty'os on circulator}' function to provide oxygen. Because fish em- 
bryos are not dependent on early circulation for oxygen, fish modek 
have made highly significant contributions to cardiac derelopmental 
studies in the past decade. ’”'^ 

Mitigation and Adaptation 

In regions where water availability is a growing concern, there wall be 
an increasing need to reuse water or seek alternate sources of water 
that may be of lower quality. This may result in new treatment options 
that may require the use of additional or more toxic chemicals. 

Changes in energj' source policies also could increase exposures 
to numerous airborne metal particulates, many of which, such as 
lead, have known adverse de^■elopmental impacts.’'’^* Given the large 
number of chemicals that are currently in commerce, the unknown 
degree to which climate change will alter human exposure to these 
compounds, and the lack of data on the developmental toxicity of 
most of these compounds, this is an area strongly in need of ad- 
ditional research. 

Acccvss to prenatal health care and to early inten-ention serv ices is 
critical in preventing and mitigating birth defects and impacts on 
human development, Following extreme weather ev’ents, such health 
care and services potentially may be disrupted for extended periods 
of time, increasing the risk of adverse long-term consequences for 
mothem, children, and society. 


Research Meeds 

Researcii Is needed to evaluate climate-related impacts at different 
life ^ages including direct and epigenetic effects (through exposures 
to mothers and fathers) that may be hazardous to human develop- 
ment. Such research could improve understanding of the long-term 
effects on human developmesit and provide guidance on how 
mitigation and adaptation can reduce this health burden. Research 
needs include: 

• understanding tlie effects of climate change-induced stress on 
human reproduction and development, including chronic and 
acute heat stress, and traumatic stress as a result of extreme 
weather ev'ents 

• understanding how malnutrition may alter human development, 
how climate change may exacerbate such alterations, and how to 
devdc^ effectiv'e strategies to minimize these impacts in vulner- 
able populations 

• understanding the impacts of changes in weatlier patterns and 
ecosystems on the incidence, exposure, and distribution of chemi- 
cal contaminants and biotoxins known to cause developmental 
disorders 

• expanding the use of marine species a.s biomedical models and 
sentinels for understanding effects of contaminants and biotoxins 
on human reproduction and development 

• understanding llie implications of mitigation strategies, including 
changes in energy' policies and new technologies, on the produc- 
tion, use. and storage of heavy metals and chemicals that are 
known to cause developmental disorders 

• understanding how weather events affect access to health care and 
the implications of this for normal human development 
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s'i':ai Health and 
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Mental health disorders comprise a broad class of illnesses from 
mild disorders, such as social phobias and fear of speaking in iniblic, 
to severe diseases including depression and suicidal ideation. Many 
mental health disorders can also lead to other chronic diseases 
and e\’en death. Stress-related disorders derive from abnormal 
responses to acute or prolonged anxiety, and include diseases such as 
obsessi\e-compulsi\'e disorder and post-traumatic stress disorder. It 
is estimated that 26.2% of Americans over t lie age of 18 suffer from 
a diagnosable mental health disorder in a given j^ar; 9.5% suffer 
from mood disorders, and 6% suffer from serious mental illness.'^’ 
However, mental health is an area of public health that is crften a low 
research priority and one whose impacts on human and societal well 
being are typically underestimated, both within the United States and 
globally. It also is an area of public health in wdiich disparities exist 
among .socioeconomic groups in both access to and quality of care 
and treatment. ‘ 

Psychological impacts of climate change, ranging from mild stress 
responses to chronic stre.ss or other mental health disorders, are 
generally indirect and have only recently been considered among 
the collection of health impacts of climate change.’®^ Mental health 
concerns are among some of the most potentially devastating 
effects in terms of human suffering, and among the most difficult 
to quantify and address. A variety of psychological impacts can be 
associated with extreme weather and other climate related events. 
There has been significant research conducted depicting ways in 
which extreme weather events can lead to mental health disorders 
associated with loss, social disruption, and displacement, as well 
as cumulative effects from repeated exposure to natural disas- 
ters. The effects of climate change impact the scxrial, economic, 
and environmental determinants of mental health, with the most 
sev'ere consequences being felt by communities who were already 
disadvantaged prior to the event." ’ Extreme weather events 
such as hurricanes, wildfires, and flooding, can create increased 
anxiety and emotional stress about the future, “ as well as create 
added stress to vulnerable communities already experiencing 


social, economic, and environmental disruption. Individuals 
already' vulnerable to mental liealth disease and stress-related 
disorders are likely to be at increased risk of exacerbated effects 
following extreme weather or other climate change events. 
Prolonged heat and cold events can create chronic stress situations 
that may initiate or exacerbate health problems in populations al- 
ready suffering from mental disease and stress-related disorders. 
In addition, psychotropic drugs interfere with the body's ability to 
regulate temperature; individuals being treated with these drugs 
could be at increased risk of heat-related illness during extreme 
heat events. " 

The severity of mental health impacts following an extreme climate 
event w'ill depend on the degree to which there is sufficient coping 
and support capacity, both during and following the event.’ " 

During the recovery period following an extreme event, mental 
health problems and stress-related disorders can arise from geo- 
graphic displacement, damage or loss of property, death or injury 
of loved ones, and the stress involved with recovery efforts. The 
most common mental health conditions associated with extreme 
ev'cnts range from acute traumatic stress to ntore chronic stress-re- 
lated conditions such as post-traumatic stress disorder, complicated 
grief, depression, anxiety disorders, somatic complaints, poor con- 
centration, sleep difficulties, sexual dysfunction, social avoidance, 
irritability, and drug or alcohol abuse.^°”The chronic stress-related 
conditions and disorders resulting from severe weather or other 
climate change-related events may lead to additional negative health 
effects. Studies hare shown a negati\’e relationship between stress 
and blood glucose levels, including influence on glycemic control 
among patients with type 2 diabetes.^"' Evidence has also shown 
that human respojise to repeated episodes of acute psychological 
stress or to chronic psychological stress may result in cardiovascu- 
lar disease.^"'' Although a direct cause and effect relationship has 
not yet been proren, some research has indicated a link between 
various psychological factors and an increased risk of de\’eloping 
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some forms of cancer, as well as the progression of cancer in those 
already presenting with the disease/ ”' 

Climate change has the potential to create sustained natural and 
humanitarian disasters beyond the scale of those we are experiendng 
today, which may exceed the capacity of our public health s>'stems 
to cope with societal demands.' ' ' In the United States, this was 
demonstrated in 2005 by the deva.stating impact of Hurricane Katrina. 
Globally, climate change will continue to act as a threat to natural 
resources aiid ecosystem services that are already strewed, which may 
force the migration of large communities and create conditions leading 
to hostile political en\'iionments, conflict, aiid war.'” ' The resources 
required to meet the psychological needs of those affected extreme 
weather e\-ents, environmental conflicts, or other effects cf climate 
change ma\- be limited immediately fo!lo\ving such an or as 

people migrate in searcii of more stable natural envinmments. 

Research on mental health service delivety- following disaster e\ents 
lias only recently become a higher profile topic of scientific interest. 
Though some mental health diseases and stress-related disorders 
ha\-e been incorporated into the collection of health impacts of 
extreme weather and temperature events, numerous research gaps 
remain. More work is necessao' to understand the effects of climate 
change and extreme weather events on mental heallii status, to 
determine how to mitigate these effects, and to overcome the barriers 
to utilization and delivery of mental health services following extreme 
weather events. 

Iwipacts on Risks 

The number of people killed by climatic, hydrological, and me- 
teorological disasters in 2008 was the highest of the last decade, 
with 147,722 deaths reported worldwide, In the United States, 
Hurricanes Katrina and Rita, which hit the Gulf Coast in 2005, 
were tvvo of the most damaging hurricanes recorded in U.S. histor>> 
impacting more than 90,000 square miles and directl>- affecting 
more than 1.5 million people, including forcing 800,000 citizens to 
be relocated from their homes/'’* Scientific ev-idence supports that 
global warming will be accompanied by changes in the intensity, 
duration, and geographical extent of weather and climate extreme 
events; therefore, the threat to human health and w’ell being from 


events sudi as hurricanes, wildfires, flooding, and tornadoes is likely 
toojntiniK, and perfiaps worsen."' 

It is also highly likely that the long-term effects of climate change will 
disf^a{» significant numbers of people, many of whom are alreadv- 
vulnerable members of society. Extreme weather events, sea-level 
rise, destructiOTi of local economies, resource scarcity, and associated 
conflict due to climate change are predicted to displace millions of 
people vvxirldvvide over the coming centurv'. ' ' ' The most commonly 
cited figure of projected population displacement from climate change 
is 200 million people worldwide by 2050.' Those with lower socio- 
economic standing are more likely to choose to relocate permanently 
following a devastating ev^nt, often due to limited resources to rebuild 
propert>’ and restore livelihood.^ ^ In addition, people will continue 
to experience place-based distress caused bv'the effects of climate 
change due to involuntary' migration or the loss of connection to one’s 
home environment, a phenomenon called “Solastalgia."' 

The mental health impacts of envii-onmentaliy displaced popula- 
tions in conflict stricken areas have been well documented; ’' * 
however, additional resear ch is needed to better understand 
mental health impacts on such people as they relate to climate 
change and climate change-related migration. While there wll 
likely be some displacement of populations in the United States 
caused by the effects of climate change, this issue is ant icipated 
to have far greater consequences on a global scale. The results of 
climate science research on sea-level rise, extreme events such as 
flooding and droughts, the impacts of climate change on natural 
resources, and other impacts caused by climate variability and 
change must be connected to social science I’esearch. This link to 
social sciences, including behavioral science research, will help to 
build an understanding of when, how, and where population shifts 
may occur, thereby increasing the likelihood that necessary mental 
health services and support can be made available where and when 
they are needed most 
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Mitigation and Adaptation 

There is a need to fully understand what gaps currently etist in mat- 
tal health infrastructure, resources, and senices; how these gai» may 
be exacerbated due to climate change; and the resulting impacts on 
mental health status, both in the United States and worldwide. This 
information can then be incorporated into mitigation and adaptation 
strategies. The information can also be used to ensure adequate 
resources are allocated to enable services to prepare for and deal with 
the impending challenges associated with climate change including 
both extreme and chronic weather events and sea-level rise. In 
addition, much work needs to be done to i)elp individuals tetter sdf- 
identify their mental health needs and to increase thdr awareness of 
the existence of mental health services in their communities. Work 
also needs to be done to eradicate the stigma associated with the need 
for mental health care so that individuals will seek out mental health 
services following extreme weather or other climate-related e\'ents. 

While some climate change adaptation measures may prevent the 
need for displacement and migration of communities, socioeconomi- 
cally disadvantaged communities both within the United States and 
globally may not be able to effectively implement such adaptation 
measures. The effect may be social instability of the surrounding 
community, which will create additional stress and exacerbate the 
threat to ov'erall mental health and well being, 

ISesearch Meeds 

Immediate research needs on the mental health implications of 
climate change^’^ include: 

* understanding of how psychological stress acts synergistically 
with other forms of environmental exposures to cause adverse 
mental health effects 

» understanding tlie critical social and economic determinants for 
mental health and overall community well-being that mi^t be 
altered by climate change 

* identifyingand incorporating key mental health outcomes 
in health impact assessments, botli for U.S. populations and 
worldwide, under a range of climate change scenarios 

* developing and implementing monitoring networks to help track 
the migration of environmentally displaced populations to assist 
with the provision of mental health care and services 


• in^rovingmethodsofidentifyingvulnerablementa! health 
pqnilations, and understanding the implications for these popula- 
ticms at the local a nd regional level 

• identifting the most beneficial means of encouraging utilization 
of mental health services and delivering such services following 
extreme weather or other climate change events 

• developing mental health promotion and communication 
programs related to proposed climate change mitigation and 
adaptation strategies 
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The United States has seen an increasing trend in the preralence 
of neurological diseases and deficits. Onset of diseases such as 
Alzheimer Disease (AD) and Parkinson Disease (PD) is occurring 
at earlier ages across the population. Environmental factoreare 
suspected of playing a large role in both the onset and severity of 
these conditions, although there is a gap in our understanding of this 
role, especially in relation to genetics, aging, and other factors."^ 
While some of these changes in neurological health likely are due to 
the aging of a large portion of the population, learning disabilities 
that affect children also are on the rise, and there are indicators 
that environmental factors may be involved including changes in 
climate that may exacerbate factors affecting the rates and severity 
of neurological conditions.^’**'^'’ Neurological conditions generally 
carry high costs in terms ofqualityoflife for both the sufferer and 
the caregiver and increased healthcare stresses on the economy 
and the workforce. The combination of these factors could affect a 
sizable portion of the U.S. population, and have significant impacts 
on productivity. 

Factors affected by climate with particular implications for neurologi- 
cal functioning include malnutrition;'^' exposure to hazardous 
chemicals, biotoxins, and metals in air, food, and water, and 
changes in pest management, Understanding the role of climate in 
the Incidence and progression of neuroiogical conditions and how to 
prevent them is a critical need for public health and health care in the 
United States, Studies such as the National Children’s Study ^^’are an 
excellent opportunity to improve our understanding in this area. 

ilfipacts ®fi Blslf 

Numerous recent reports have described observed and anticipated 
detrimental effects of climate change on ocean health, resulting 
in increased risks to neurological health from ingestion of or 


RESEARCH HIGHUGHT 
Harmful algal blooms (HABs) are 
increasing worldwide and global 
dimate change is thouglit to play a 
significant role. Many HAB-related 
biotoxins cause significant neurotoxic 
effects in both animals and humans 
induding permanent neurological 
impairment. The algae Fseur/o- 
nitzschia spp. produce domoit acid, 
a potent neurotoxin that causes 
amnesiac shellfish poisoning in people. Blooms of this algae have been 
increasing off the California coast resulting in significant illness and 
death in marme animals, A decade of monitoring of health of California 
sea lions, a sentinel species for human health effects, indicates changes 
in tire neurologic symptomatology and epidemiology of domoic 
acid toxicosis. Three separate clinical syndromes are now present in 
exposed animals: acute domoic acid toxicosis with seizure, permanent . 
hippocampal atrophy, and death; a second novel neurological syndrome 
characterized by epilepsy associated with the chronic consequences of 
sub-lethal exposure to domoic acid; and a third syndrome associated 
with in ufero exposures resulting in premature paitui ition, neonatal 
death, and significant neurotoxicity in the developing fetus resulting in 
seizure activity as the animal grows, as well as long-lasting impacts on 
memory and learning.’ These observations indicate significant potential 
implications for human health effec ts, although their exact nature is not 
known and needs further study. 
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exposure to neurotoxins in seafood and fresh and marine vvaters.'''“ 
Neurotoxins produced by harmful algal blooms and other marine 
micr<x>rganisms can cause serious illness and death in humans. 
Under the correct conditions, harmful alga! blooms produce potent 
neurotoxins that are often taken up and bioaccumulated in filter- 
feeding molluscan shellfish including ovsters, clams, and mussels, as 
\\el! as by certain marine and freshwater fish.^'"" The most frequoit 
human exposures are via consumption of seafood containing algal 
toxins, although some toxins may be present in freshw'ater sour(»s 
of drinking water, and others may be aerosolized by surf breaking 
on beaches and tlien transported by winds to where they can cause 
respiratoiy distress insusceptible individuals who breathe them.' ‘ 
Because cooking or other means of food preparation do not kill 
seafood biotoxins, it is essential to identify contaminated seafood 
before it reaches consumers. Health effects including amnesia, 
diarrhea, numbness, liver damage, skin and eye irritation, respira- 
tory paralysis, and PD- and AD-like symptoms may be sex-ere, 
chronic, and even lead to death. ' It has recently been reported 
that even a single low-level exposure to algal toxins can result in 
physiological changes indicative of neurodegeneration.'^^" Work done 
on biotoxin-related neurologic disease in marine mammals indicates 
that domoic acid exposure can cause acute neurolc^ic sv mptoms 
by crossing the placenta and accumulating in the amniotic fluid 
wliere it can impact neural development in the fetus, alter postnatal 
development, and lead to chronic illnesses sucli as epilepsy.^^'''^^°'‘” 
Climate change may alter the geographic range in which harmful 
algal bloom toxins appear, the frequency of toxin production, and 
the actual deliveiy of toxins (both Increasing and decreasing in 
some cases) due to extreane weather, ' Harmful algal blooms are 
increasing in frequency, intensity, and duration globally partially as 
a result of climate change, altliough tiiis link is poorly understood. ' 
Nonetheless, it is clear that changes in precipitation and ocean 
temperatures, coupled with increased nutrient loading, may lead to 
earlier seasonal occurrence, as well as longer lasting and possibly 
more toxic harmful algal blooms.'’ " 



Emerging research suggests that exposure to a number of agents 
whose emironmental presence may increase with climate change 
may havre effects on neurological development and functioning. 

For example, exposure to pesticides and herbicides during specific 
devejqjmental windows, in combination with other exposures later 
in lif^ could increase the risk of PD and other neurological diseas- 
es.'" ' Exposure to heavy metals is known to exacerbate neurological 
deficits and learning disabilities in children,' and is suspected 
of being associated with both onset and exacerbation of AD ' and 
PD. Evidence suggests that early-life occurrence of inflammation 
in the brain, as a consequence of either brain injuiy or exposure to 
infectious agents, also may play a role in the pathogenesis of PD. 

In addition to conditions such as PD and AD, post-traumatic stress 
disorder (PTSD) is likely to have profound effects on the neurological 
functioning of populations exposed to the stress of extreme weather 
events, and the resulting dislocation and deprivation that may result 
from climate change. 

Mitigation and Adaptation 

Mitigation to climate change ma>' reduce our reliance on fossil fuels. 
This reduction in fassil fuel use will reduce the release of a number 
of neurotoxicants including ansenic, mercury, and other metals into 
the environment.^'*'' Simple actions that reduce the amount of energy 
needed, such as expanded use of compact fluorescent light bulbs, 
will reduce the amount of toxic metals emitted into the air by coal- 
fired power plants. However, additional mercury releases into the 
env ironment might occur due to breakage of these fluorescent bulbs 
or improper disposal, resulting in human exposures and potential 
neurological effects.’^'* In more complicated mitigation strategies 
such as the expansion of the use of electric vehicles, heavy metals 
used in the batteries for such vehicles may present manufacturing 
and disposal challenges that will be of particular significartce to the 
risk of neurological deficits. ' 

Adaptation efforts such as the increased use of pesticides to improve 
crop yield in areas with reduced farming capabilities may result 
in runoff of potentially neurotoxic pesticides into reservoirs and 
coasts used to capture water for human use. thereby increasing 



human exposures/'" Alternately, recent research has shown multiple 
benefits on mental and neurological functioning as a result of 
increased exposure to natural and green space settings, particularly 
in urban areas. "' Adaptation strategies that encourage and allow 
walkable cities and exercise, increases in green space and urban 
forestry-, and improved green building metiiods that reduce the 
potential for exposure to chemicals such as arsenic and lead that 
leach from building materials could alt contribute to reducticms in 
neurological deficits. Numerous other mitigation and adaptation 
strategies may have both positive and negatire health effects, most 
of which are poorly recognized or understood. Thus, any proposed 
mitigation and adaptation strategies will need to be carefully 
evaluated for both benefits and potential neurological effects. 

Research Meeds 

More research is needed regaixiing the link between environmental 
exposui'es, the onset and severity of neurological diseases and 
disorders, and the relationship to climate change. Researdi needs 
include; 

• identifying the factors that initiate harmful algal blooms and 
bacterial proliferations, focusing on the effects of temperature 
cltanges, .shifts in rainfall patterns, and other climate-associated 
factors on their distribution, occurrence, and severity 

• improving understanding of the mechanisms and pathway of 
acute and chronic exposures to harmful algal biotoxins and their 
impacts on fetal, postnatal, and adult development 

• utilizing marine animal models to better understand the 
mechanisms and outcomes of exposure to harmful algal biotoxins 
individually and In conjunction with chemical exposures 

• developing and validating strategies to inhibit the formation and 
se\'erity of harmful algal blooms 

« expanding research on the toxicity of chemicals known or 

suspected to cause neurological disorders, particularly pesticides, 
and on understanding how climate change may affect human 
exposure to such chemicals 
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♦ improving our understanding of the impact of increased heavy 
precipitation, ice melts, and flooding events on the risk of toxic 
ojntamination of the environment from storage-related issues or 
runoff, focusing on the likelihood of the event, the gec^raphical 
areas and populations likely to be impacted, and the health 
outcome that could result 

• examining the neurological health benefits and costs of new 
climate change mitigation technologies, including research on 
the toxicity of new metals and metal compounds, including 
nanota;hnologies, being used to improve battery’ performance for 
electric vehicles 





342 


. 'l«»rb©riie and 
Diseases 


Vectorborne and zoonotic diseases ( VBZD) are infectious dis- 
eases whose transmission cycles involve animal hosts or vectors. 
Vectorborne diseases are those in which organisms, typically 
blood-feeding arthropods (insects, ticks, or mites) cairj' the patho^ 
from one host to another, generally with amplification (increased 
\'iri!lence) in the\'ector (for example, malaria). Zoonoses are diseases 
that can be transmitted from animals to humans by either contact 
with animals or by \’ectors that can carry zoonotic pathc^ens from 
animals to humans (for example, a\'ian flu). Both domestic animals 
and wildlife, including marine mammals, fish, sea turtles, and 
seabirds may play roles in VBZD traiismission by serving as zoonotic 
reservoirs for human pathogens or as means of interspecies transmis- 
sion of pathogens. The epidemiology of VBZD in the United States has 
changed significantly over the past century, and many diseases that 
previously caused significant illness and death, including malaria, 
dengue, yellow fe\’er,^'*^ and murine typhus, are now rarely 
seen in this country, This dramatic change is a result of intentional 
programs to control vectors, vaccinate against disease, and detect and 
treat cases, with additional benefits from improrementsin sanitation, 
development, and environmental modification. Examples of vector- 
borne diseases currently pre\'alent in the United States include Lyme 
disease"'* atad ehrlichiosis, bacterial diseases that are transmitted 
primarily by ticks. Other important zoonoses in the United States, 
some of which are also vectorborne, include rabies, Q fever, 
anthrax, pathogenic coU, tularemia, hantavirus pulmonary 
syndrome, "' ' and plagvie. Although VBZD currently are not a leading 
cause of morbidity or mortality in the United States, there is cause for 
some urgency on this issue. Our population is directly susceptible to 
the VBZD that circulate in warmer climates, and vulnerable as a result 
of global trade and travel. Our ability to respond to such threats on 
both a national and international level is currentlj' limited. 

Many rectorborne diseases that have been virtually diminated from 
the industrialized world are still prevalent in developing countries. 
Globally, VBZD cause significant mort)idity and mortality. For 


RESEARCH HIGHLIGHT 
Climate is one of several factors that 
influence the distribution of vectorborne 
and zoonotic diseases (VBZD) such as 
lyine disease, Hantavirus, West Nile 
virus, and malaria. There is substantial 
concern that climate change will make 
certain environments more suitable 
for some VBZD, worsening their 
already significant global burden and 
potenhally reintroducing some diseases into geographic areas where they 
had been previously eradicated. Recent public health experience with 
the outbreak and establishment of West Nile virus in the United States 
reveals the complexity of such epidemics, and the lack of preparedness 
required fay public health officials to contain a national V8Z0 threat, 
Though unlikely. West Nile virus might have been contained when it 
emerged in New York City in 1999; however, delays of only a few weeks in 
recognizing the outbreak in birds and identifying the virus, combined with 
the absence of a robust mosquito abatement capability, allowed West Nile 
virus to spread quickly to surrounding areas. Relying on expertise from 
the mosquito abatement community, aerial spraying was applied fairly 
rapidly to combat mosquitoes in infected areas, but these efforts were 
not adequate to decrease populations of mosquitoes in time. From New 
York, the virus traveled across the entire United Slates, and by 2003, it had 
ttioroughty established itself in the avian population. To date, individual 
mosquito abatement districts have been able to significantly protect their 
populations due to increased national funding combined with decades of 
experience in their local areas. However, underserved regions did not get 
significant protection despite efforts to identify them. 

Resurgence of vectorborne disease as a result of climate change is also a 
major concern. Despite energetic interventions, the availability of drugs 
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example, in 2006 there ’s.\’ere 247 million cases of malaria and 
881,000 malaria-related deaths worldwide/’’ ' The Worid Health 
Organization estimatesthat malaria is responsible for 2.9%of 
the world’s total disability-adjusted life years (DALYs)/' In the 
long term, climate change’s potential to cause social uphea\'al and 
population displacement may provide opportunities for resui^nce 
of certain VBZD in the United States, which has already' seen 
some redistribution of \'eclor species/' ' ' Disruption of economic 
transportation routes, agriculture, and emdronmental sendees c<mld 
result in large-scale population movements within and between 
countries, as well as a general decrease in what are now' considered 
minimum standards of living.^*’^ Asevere degradation of rural and 
urban climate and sanitation conditions could bring malaria, epi- 
demic typhus, plague, and yellow fever to their fonner prominence. 

Valid projections on likely impacts of climate ciiangeon VBZD 
are lacking, and a scientific consensus has yet to emerge. Even 
though we now have the technical knowledge to treat or vaccinate 
against many VBZD, in the absence of titese technologies, some 
experts believe that population-level mortality from certain disease 
outbreaks could reach as high as 20-50%.^ Ultimately, projections 
must be specific to location, altitude, ecosystem, and host or vector. 
Health impacts from changing distributions of VBZD are likely to 
unfold over the next several decades, and prevention and control 
activities must be developed and honed prior to significant vector 
range expansion in order to be most effective. 

Emerging zoonotic disease outbreaks are increasing, with the major- 
ity of recent major human infectious disease outbreaks worldwide, 
as well as significant emerging diseases sucti as SAKS, Nipali 
virus, and HIV/AIDS, originating in animals.' Arecent report 
noted that the United States remains tlie world’s largest Importer of 
wildlife, both legal and illegal; these animals represent a potential 
source of zoonotic pathogen introduction into U.S. communities. 
interactions of wildlife with domestic animals and with people will 
likely increase in the United States due to changes to ecosystems and 
disease transmission resulting from both climate change and from 
adaptation and re.sponse strategies. 


Impacts an Risks 

VBZDea)k>gy' is complex, and weather and climate are among 
several fectore that influence transmission cycles and human disease 
incidence.'""* Impacts in certain ecosystems are better understood; 
however, for others such as marine ecosystems, tlieir role in VBZD 
has not been well characterized." Changes in temperature and 
precipitation patterns affect VBZD directly through pathogen- 
host-v-^tor interactions, and indirectly through ecosystem changes 
(humidity’, soil moisture, water temperature, salinity, acidity) and 
species ctHnposition. Social and cultural behaviors also affect disease 
transmissiem. Many VBZD exhibit some degree of climate sensitiv- 
ity’, and eco1(^ica! shifts associated witli climate variability and 
long-term climate change are expected to impact the distribution 
and incidence of many of these diseases.' For instance, tte range 
of Lyme disease is expected to expand northward as the range of 
the deer tick that transmits it expands. ' ' In another example, the 
frequency of hantavirus pulmonary syndrome outbreaks, caused by 
human exposure to the virus in deer mice urine or feces, may change 
with increasingly variable rainfall in the desert Southwest, which 
affects the populations of deer mice and other rodents through 
changes in production of the pine nuts on which they feed. 

Similarly, certain VBZD may decrease in particular regions as 
habitats become less suitable for host or vector populations and for 
sustained disease transmission. Coastal and marine ecosystems will 
be particularly impacted by increasing temperatures, changes in 
precipitation patterns, sea-level rise, altered salinity, ocean acidi- 
fication, and more frequent and intense extreme weather events. 
These changes will directly and indirectly affect ocean and coastal 
ecosystems by influencing community’ structure, biodiversity, and 
the growth, survival, persistence, distribution, transmission, and 
severity of disease-causing organisms, vectors, and reservoirs. ’ 

Also of concern for both terrestrial and aquatic/marine ecosy’stems 
is the loss of biodiversity (which underlies ecosystem services) 
that further exacertjates the impacts of climate change on vectors 
or animal reservoir populations. Such alterations in ecosystem 
functions may alter the emergence of VBZD in populations within 
the United States. With the loss of predatora, insect vectore may 
increase, making necessary either chemical or mechanical controls. 
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Projecting VBZD incidence is difficult given the complexity of VBZD 
transmission cycles, the variability of regional and local impacts 
of climate change, and the limited information currently available 
regarding the ecology of many VBZD. For instance, while malaria 
transmission increases with temperature and humidity the decrease 
in disease incidence seen with prolonged drought may negate these 
effects. Human rural and urban development efforts, such as the 
creation of clean water sources for animal husbandry^ or swamp 
clearance to increase availability of land for human settlement, also 
have significant impacts on transmission dynamics that can offset 
climate impacts. 

The incidence of VBZD in the United States will likely increase 
under anticipated climate change scenarios, for several reasons. The 
distribution of vectors currently restricted to warmer climates will 
expand into the United States. For example, the habitats of two potent 
inosquito vectore of malaria. Anopheles alhimoniis and Anopheles 
pseudopunctipennis, currently range as far north as northern 
Mexico, and would presumably expand northwards across the 
U.S, -Mexico border. The extrinsic incubation period of pathogens 
in Invertebrate v'ectors is highly dependent on ambient temperature. 
Since tl\e lifespan of vector species is relatively constant, changes in 
the incubation period due to precipitation and temperature signifi- 
cantly alter the likelihood of transmission.^*’^ Also, large disruption 
and subsequent movement of human populations create conditions 
for wider distribution of pathogens and greater exposure to vector 
species.^*’*' And, climate change is already affecting the biodiversity 
of marine and terrestrial ecosystems, which in turn will alter the 
dynamics of predator-prey relationships, as well as vector and 
reservoir pathogen populations. This may alter the types and quality 
of subsistence animal foods, and present dependent communities 
with new pathogen risks.^*'*’ The time scale of this threat will be 
continuous unless mitigating measures are taken. Economic and 
regulatory restrictions continue to slow the development and use of 
new modes of action against vectore. 


ntSBmCH HIGHLIGHT continued 

for treatment, and vector control strategies supported by strong scientific 
understanding, maiaria continues to be a severe probiem in Afriiia and a 
persistent one in Asia and Latin America, Malaria could present a threatened 
return to its former importance in more temperate climates.' Korea provides 
a recent case study with respect to the more chronic, less fatal species of the 
parasite, Plssmodium vivax/ Malaria became a severe problem on the Korean 
peninsula during and following the Korean War in 1950-1953. A combination 
of case detection, treatment, and vector control reduced the number of 
cases and finally eliminated the parasite from South Korea by 1988,^ The 
disease reemerged in 1993 and quickly became a problem in the military 
population by 1996, with cases of temperate-adapted parasites exported to 
the United States.” Subsequent studies of the vector mosquitoes revealed 
that a complex of multiple species, inciuding a powerful vector, Anophe/es 
anthropophagus that is prevalent in China, is responsible for the reemergence. 
This re^ergence may have been exacerbated by increases in severe rainfall 
events and temperature, but this has not yet been definitively estabtished, ’’ 

The story is different in sub-Saharan Africa, where malaria is responsible for 
a large proportion of the infant and childhood mortality.*' Researchers have 
examined whether the wider distribution of malaria in hicjhland regions is 
associated with climate change, and have performerj quantitative predictions 
of the effects of various climate change scenarios on distribution of the 
disease.' Climate change induced increases in teinperature may have several 
effects; increase the altitude at which malaria transmission is possible, intensify 
transmission at lower altitudes, and generatly make greater demands on the 
efficacy of vector control efforts. 
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Mitigation anil Adaptation 

Climate change mitigation includes activities to reduce greenhou^ 
gas emissions such as decreased reliance on fossil fuels for enei^' 
generation and transport and clianges in land use such as reducing 
deforestation and con\ ersion of forested land to cropland. Strategies 
focused on alternati\ e energy sources with lower greenhouse gas 
emission profiles, such as nuclear power, may influence local ecolo- 
gies by increasing water demands, temperature, and currents.*''"'^ 
This, in turn, might alter the life c\-cles of certain disease vectors and 
animals that are part of VBZD transmission cycles. Increased reli- 
ance on hydroelectric power, which typically requires constniction <rf 
dams, also may change local VBZD ecologies and alter transmission 
cveles. Mitigation activities focused on land use changes, particularly 
preservation of forests and wetlands, are likely to impact VBZD 
ecologv’ and transmission cycles as well.' For example, changes to 
wetlands may affect mosquito burden in certain areas by altering 
breeding area size and potentially altering the incidence of malaria, 
dengue, or other mosquito-borne diseases.^' Because tlie margins of 
disturbed ecasystems can be associated with outbreaks of zoonotic 
infections such as Ebola and Marburg viruses,' ecosv'stem preser- 
vation may also reduce tlie incidence of these VBZD. Tlie net impact, 
either beneficial or detrimejital, of these mitigations strategies on 
human health is difficult to determine, and more research is needed 
to elucidate these effects. 

Climate change adaptation strategies include activities that provide 
early warning and reduce expasure to environmental hazards 
associated with climate diange, and limit susceptibility in exposed 
populations. Some adaptation activities may impact VBZD or alter 
the potential for human exposure. For example, encouraging air 
conditioning use as an adaptation strategy against extreme heat may 
provide a co-benefit of reduced exposure to VBZD. The use of centra! 
air conditioning has been shown to be a protective factor a^inst 
dengue infection in studies comparing dengue incidence on opposite 
sides of the U.S.-Mexico border.' Negative impacts of adaptaticm 
are also possible. For example, capture and storage of water runoff to 
adapt to increasingly sporadic rainfall might provide more suitable 
breeding habitat for mosquitoes, thereby increasing incidence of 
West Nile virus and other VBZD. 


Research Meeds 

GK^ the potential for significant increases in tiie burden of VBZD 

as a i^ult of climate change, public health preparation is required, 

and research needs include; 

• understanding of VBZD transmission cvcles and the impact of 
ecological management and disruption on VBZD transmission, 
including the impact of new and intensified selective pressures 
due to climate change 

• develojwng methods to detect, quantify, characterize, and 
monitor potential VBZD transmission associated with clianges in 
terrestrial, ocean, coastal, and Great Lakes environments 

• developing and \’alidating models of VBZD ecology that link 
established datasets of VBZD disease transmission, identify 
relevant climate-related patterns, and integrate downscaled 
climate projections of likelj’ impacts 

• understanding of secondar>- effects of climate change such as 
increased malnutrition, conflict, and population displacement on 
VBZD. and evaluation of the effecth eness of prevention strategies 

• enhancing research on the effectiveness of novel personal disease 
pre\'ention methods including vaccines, repellents, bed nets, 
chemoproprophylaxis, and others' 

• developing new pesticides aimed at controlling disease vectors 
that combine the qualities of specificit)’ (affecting only the target 
arthropods), adjustable persistence through formulation (chemi- 
cally labile but persistent for useful periods), environmental 
safety (no bioaccumulation or effect on non-target oiganisms), 
low susceptibility to resistance (througli either inherent 
physiolog\roreffecti%e resistance management techniques), and 
application to creative control strategies 

• enhancing existing public health surveillance infrastructure to 
include longitudinal surveillance focused on the periphery of 
endemic areas to detect range expansion and on ports of entry 
(airports, seaports) where vectors may penetrate after long- 
distance travel 

• enhancing existing animal health suiveillance (both domestic 
animals and wildlife) and earh’ detection of emerging diseases of 
animal origin with particular emphasis on increased human to 
wildlife contact 
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» developing early warning sj^tems that integrate public and animal 
health surveillance, risk assessments, and mitigation and adapta- 
tion strategies related to VBZD transmission 

• enhancing research on risk communication and pie\enti<xi 

strategies related to V'BZD outbreak response including evaluatimi 
of their effectiveness 

The research needs identified for VBZD include crosscutting issues 
and opportunities for leveraging co-benefits. Enhanced surveil- 
lance capacity is transferable to other health categories. Deeper 
understanding of the ecology of VBZD will enable understanding 
of other ecosystems, and improve our ability to preserve ecos\-stem 
services and limit ecosj'stem mismanagement. Developing 
mathematical models of VBZD ecology and linking these models 
with downscaled climate projections will generate novel modeling 
methodologies, as well as new methods in spatial epidemiologj' and 
mapping, and enhance existing public health workforce capacity. 
Research into risk communication and ptevention strategies for 
VBZD can be applied to other health risks, both climate-related 
and otherwise. Novel strategies for application of vector control 
will benefit public health and infrastructure development in 
general. Because vector abatement efforts require organization that 
reaches multiple levels (household, farm), such efforts will form an 
interactive customer base for the application of environmental tools 
such as spatial analysis and monitoring to other environmental 
services such as building code enforcement, water standards, and 
sanitation, as well as provide additional resources for gathering 
operational data on the status of populations. 
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Waterborne diseases are caused by a wide variety of pathc^nic 
microorganisms, biotoxins, and toxic contaminants found in the 
water we drink, clean with, play in, and are exposed to through 
other less direct pathways such as cooling systems. Waterborne 
microorganisms include protozoa that cause crx’plceporidiosis, 
parasites that cause schistosomiasis, bacteria that cause cholera 
and legionellosis, viruses that cause viral gastroenteritis, amoebas 
that cause amoebic meningoencephalitis, and algae that cause 
neurotoxicity.'^ ' In the United States, the majority of waterborne 
disease is gastrointestinal, though waterborne pathr^ens affect 
most human oi*gan systems and the epidemiolo©' is dynamic. A 
recent shift has been seen in waterborne disease outbreaks from 
gastrointestinal toward respiratory infections such as that caused 
by Legionella, which li^■es in cooling ponds and is transmitted 
through air conditioning systems."*’'' In addiliori to diarrheal 
disease, waterborne pathogens are iinplicated in other illnesses 
with immunologic, neurologic, hematologic, metabr^ic, pulmonary, 
ocular, renal and nutritional complications."^' The World Health 
Organization estimates that 4.8% of the global burden of disease 
(as measured in disability-adjusted life years, or DALYs) and 3.7% 
of all mortality attributable to the environment is due to diarrheal 
disease." ' Most of these diseases produce more serious symptoms 
and greater risk of death in children and pregnant women.' 

For most waterborne pathogens in the United States, surveillance 
is spotty, diagnoses are not uniform, and our understanding of 
the impact of normal weather and climate variation on disease 
incidence, as well as illness and death burdens, is not firmly 
established. Impacts of any intensifying of climate events at local, 
regional, national, and global levels are a growing concern, Experts 
estimate that there is a high incidence of mild s\-mptoms frcwn 
waterborne pathogens and a relatively small, but not negligible 
mortality burden. 


RESEARCH HIGHLIGHT 

There is a dear association between 
increases in predpitation and 
outbreaks of waterborne disease, 
borti domestically and globally. 

Climate change is expected to produce 
more frequent and severe extreme 
predpitation events worldwide. 

In the United States from 1948 to 
1994, heavy rainfall correlated with 
more tfian half of the outbreaks of 
waiertome diseases. ' Some of the largest outbreaks of waterborne 
disease in North America, particularly in the Great Lakes, have resulted 
after extreme rainfall events. For example, in May 2000, heavy rainfall in 
Walkerton. Ontario resulted in approximately 2,300 iilnesses and seven 
deaths after the town's drinking water became contaminated with f. coli 
0157;H7 and Campylobacter There are 734 combined sewage and 
wastewater systems in and around tlie Great lakes, with an estimated 
discharge of 850 billion gallons of untreated overflow water.'* Using a 
suite of seven climate change models to project extreme precipitation 
events in the Great Lakes region, scientists have been able to estimate 
the potential impact of climate change on waterborne disease rates,’ 
Their models predict more than 2.5 inches of rain in a single day will 
cause a combined sewer overflow into Lake Michigan, resulting in 
50-100% more waterborne disease outbreaks in The region per year. 
Considering that the Great Lakes serves as the primary water source for 
over 40 million people and is surrounded by a number of large cities, 
both past events and these projections indicate a serious threat to public 
health in this region due to climate change alterations in the frequency of 
extreme precipitation. 
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Globally, the impact of waterborne diarrheal disease is high and 
expected to climb with climate change. Impro\'ingdom^tic 
sur\-eillance is a high priority, as this would enhance epidemiologic 
characterization of the dri^•ers of epidemic disease. In particular, 
weather and climate-related drixers are not well understood. 
Waterborne disease outbreaks are highly correlated with extreme 
precipitation events, ’'" but this correlation is based on limited 
research and needs further investigation and confirmation. 
Prevention and treatment strategies for waterborne disease are 
well established throughout the de^’eloped world; climate change 
is not likely to greatly impact the efficacy of tliese strategies in the 
United States. Howe\ er, climate change is very likely to increase 
global diarrheal disease incidence, and changes in the hydrologic 
cycle including increases in the frequency and intensity of extreme 
weather events and droughts may greatly complicate already 
inadequate preN’ention efforts. Enhanced understanding and 
rein\-igorated global pre\ ention efforts are very important. 

Ocean-related diseases are those associated with direct contact 
with marine waters (aerosolized in some cases) or sediments 
(including beach sands), ingesition of contaminated seafood, or 
exposure to zoonotics. ’^'' Pathogenic microorganisms (bacteria, 
virusies, protozoa, and fungi) that may occur naturally in ocean, 
coastal, and Great Lakes waters, or as a result of se^vage pollution 
and runoff, are the primary etiologic agents." * Human exposure to 
these agents may result in a variety of infectious diseases including 
.serious wound and skin infections, diarrhea, respiratory effects, 
and others."'*”' Research has concluded that the antibiotic resistant 
methicillin resistant Staphylococcus aureus (MRSA) is persistent 
in both fresh and seawater and could become waterborne if 
released into these watere in sufficient quantities.’ While this has 
yet to emerge as a significant public health concern, the potential 
for recreational exposure is significant, as people make nearly one 
billion trips to the beach annually in the United States alone. In 
contrast to diarrheal disease, there are few effectK'e preventive 
strategies for marine-based environmental exposures beyond 


ck»ing beaches to the public, and these areas need immediate 
additicmal research. 

The effects of climate changes on the distribution and bioaccumu- 
lation of chemical contaminants in marine food webs are poorly 
underctood and may be significant for vulnerable populations of 
humans and animals. The U.S. Climate Change Science Program 
(CCSP) reported a likely increase in the spread of waterborne 
pathogens depending on tiie pathogens’ suivival, persistence, 
habitat range, and transmission in a changing environment. ' 

In one specific example, the CCSP noted the strong association 
bebveen sea surface temperature and proliferation of many Vibrio 
species and suggested that rising temperatures would likely lead 
to increased occurrence of enteric disease associated with Vibrio 
bacteria (VC cholerae, V. vulnificus, and VC parahaemolyticus) in 
the United States, including the potential for tlie occurrence of 
cholera and wound infections. Further, recent findings demon- 
strate that pathogens that can pose disease risks to humans occur 
widely in marine \ ertebrates and regularly contaminate sliellfish 
and aquacultured finfish.^**^ 

Impacts on Risk 

Climate directly impacts the incidence of waterborne disease 
through effects on water temperature and precipitation frequency 
and intensity. These effects are pathogen and pollutant specific, 
and risks for human disease are markedly affected by local condi- 
tions, including regional water and sewage treatment capacities 
and practices. Etomestic w^ater treatment plants may be susceptible 
to climate change leading to human health risks. For example, 
droughts may cause problems with increased concentrations of 
effluent pathogens and overwhelm water treatment plants; aging 
water treatment plants are particularly at risk."'*’* Urbanization 
of coastal regions may lead to additional nutrient, chemical, and 
pathogen loading In runoff. '■ 
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Our understanding of weather and climate impacts on specific 
pathogens is incomplete. Climate also indirectl)’ impacts water- 
borne disease through changes in ocean and coastal ecoswtems 
including changes in pH, nutrient and contaminant runoff, salinity, 
and water security. Tltese indirect impacts are likely to result in 
degradation of fresh water a^’ai]able for drinking, xs^ashing food, 
cooking, and irrigation, particularly in developing and etnet^ing 
economies where much of the population still uses untreated 
surface water from rivers, streams, and other open sources for these 
needs. E\^n in countries that treat water, climate-induced changes 
in the frequency and intensity of extreme weather events could lead 
to damage or flooding of water and sewage treatment facilities, 
increasing the risk of waterborne diseases. Severe outbreaks of 
cholera, in particular, have been directl)' associated with flooding in 
Africa and India. A rise in sea level, combined with increasingly 
severe weather events, is likely to make flooding events common- 
place worldwide. A 40 cm rise in sea level is expected to increase 
the average annual numbers of people affected by coastal stonn 
surges from less than 50 million at present to nearly 250 million by 
2080. ' 

Several secondary impacts are also a concern. Ecosystem degrada- 
tion from climate change will likely result in pressure on agricul- 
tural productivity, crop failure, malnutrition, starvation, increasing 
population displacement, and resource conflict, all of which are 
predisposing factors for inci-eased human susceptibility and 
increased risk of waterborne disease transmission due to surface 
water contamination with human waste and increased contact with 
such waters through washing and consumption. 

Climate change may also affect the distribution and concentrations 
of chemical contaminants in coastal and ocean waters, for example 
through release of chemical contaminants previously bound up 
in polar ice sheet.s or sediments, through changes in volume and 
composition of runoff from coastal and watershed development, 
or through changes in coastal and ocean goods and sendees. Both 
naturally occurring and pollution-related ocean health threats will 


likelybe exacerbated by climate change.'"'^ Other climate-related 
environmental changes may impact marine food webs as well, such 
as pesticide runoff, leaching of arsenic, fluoride, and nitrates from 
fertilizers, and lead contamination of drinking and recreational 
waters through excess rainfall and flooding. 

mitigation anti Adaptation 

Alternative energy production, carbon sequestration, and water reuse 
and recycling are some of the mitigation and adaptation options that 
could have the greatest implications for human health. As with all 
technologies, the costs and benefits of each will need to be carefully 
considered and the most beneficial implemented. 

The potential impacts of different mitigation strategies for 
vvateiborne illness depend on the strategy, For instance, increased 
hydroelectric power generation will have significant impacts on 
local ecologies w-here dams are built, often resulting in increased 
or decreased incidence of waterborne disease, as was the case with 
schistosomiasis (increase) and liaematobium infection (decrease) 
after construction of the Aswan Dam in Egypt.' Other modes of 
electric pov\'er generation, including nuclear, consume large quanti- 
ties of water and have great potential environmental impacts ranging 
from increased water scarcity to discharge of warmed effluent into 
local surface water bodies. Shifting to wind and solar power, however, 
will reduce demand on surface waters and, therefore, limit impacts 
on local water ecosystems and potentially reduce risks of waterborne 
diseases. The impacts on v\-aterborne pathogen ecology of other 
geoengineering mitigation strategies, such as carbon sequestra- 
tion, have the potential to be substantial but are currently largely 
unknown.^'^ Thorough health impact and environntental impact 
assessments are necessary prior to implementation and widespread 
adoption of any novel mitigation technology. 

There is also significant potential for adaptation activities to impact 
the ecology of waterborne infectious disease. Certain adaptation 
strategies are likely to have a beneficial impact on water quality; for 
instance, protecting wetlands to reduce damage from severe storms. 
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Under drought conditions, water reuse or the use of water sources 
tliat may be of lower qua!it\' is likely to increase. ' Local water 
recycling and so-called gre\-vvater reuse, as well as urban d«ign 
strategies to increase green space and reduce runoff, may result 
in slo\ver rates of \vater table depletion and reduce the impact 
of extreme precipitation e\ents in urban areas where nmoff is 
concentrated. 

Other adaptation efforts may have both positive and negati\-e 
effects. For instance, if the response to increasingly frequent and 
severe heat wa\'es is widespread adoption of air conditioning, the 
associated increase in electricity demand will require additional 
power, whicli in turn could impact ^vater availability and regional 
^vater ecolog\’- In parts of the de\ eloping world, changing weather 
patterns and decreased food a\’ailability could lead to increased 
desertification, or at the least the need for more abo\e-ground 
irrigation. If such projects are implemented in areas where parasitic 
diseases such as schistosomiasis are prevalent without close 
attention to potential ecosj-stera impacts, there maybe changes in 
regional paravSite transport and associated increases or decreases in 
human exposure. 

Climate-induced changes to coastal ecosj stemsare poorh' 
understood, especially with regard to ecos>-stem goods and ser\ ices 
related to human health and well being, and ocean and coastal 
disease threats.'”' Interactions among climate change factors such 
as rising temperature, extreme weather events, inundation, ocean 
acidification, and changes in precipitation and nmoff with coastal 
de^■e1opment, aquacultural practices, and otherwater use i.ssiies 
need to be studied. 


Research Meeds 

Hie Kctent to whicli the United States is vulnerable to increased risk of 

waterborne diseases and ocean-related illness due to climate change 

has not been adequate^ addressed.'^ " Research needs include: 

• understanding the likelihood and potential magnitude of 
waterborne disease outbreaks due to climate change including 
increases in the frequency and intensity of precipitation, 
temperature changes, extreme weather events, and storm surges 

• researching the vulnerability of water systems to sewer overflow 
or flooding caused by extreme weather events, especially in 
water systems where there is already considerable water reuse; 
and examining the impacts of other water reuse and recycling 
strategies 

• understanding how toxins, pathogens, and chemicals in 
land-based runoff and water overflow interact synergistically 
and with marine species, especially tliose important for human 
consumption, and the potential health risks of changing water 
quality 

• de\eloping means of identifying sentinel species for waterborne 
disease and understanding of how they may provide early 
warning of human health threats 

• developing or improving ^'accines, antibiotics and other preven- 
tive strategies to prevent and reduce the health consequences of 
waterborne disease on a global basis 

• improving understanding of harmful algal blooms including 
their initiation, development, and termination, as well as the 
exact nature of the toxins associated with them 



conducting epidemiologic studies on the occurrence and severity 
of ocean-related diseases among humans, espedally high risk 
populations, in relation to climate change 

evaluating and monitoring exposures and health risks rrf chemical 
contaminants likely to te increasingly released and mobilized due 
to climate change 

improving methods to detect, quantify, and forecast ocean- 
related health threats including improved surveillance and 
monitoring of disease-causing agents in coastal u-aters; in marine 
organisms {especially seafood), aerosols, and sediments; and in 
exposed human populations 

assessing the capacity of the nation’s public health infrastructure to 
detect and respond to increased waterborne disease inddwKe, and 
de\’eloping training and e\aluation tools to address identified gaps 
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The United States experiences a variety of extreme weathCT events 
ranging from hurricanes and floods to blizzai'ds and drought, 
of these events cause severe infrastructure damage and lead to 
significant morbidity and mortality. From 1940 to 2005, hurricanes 
caused approximately 4,300 deaths and flooding caused 7,000 
deaths, primarily from injuries and drowning.' Climate chan^ is 
expected to increase the frequenc\- and intensitj' (rf sane extreme 
weather events, including floods, droughts, and heat ww^es, though 
how these events will manifest on a regional le\^l is uncertain.’^' 

The health impacts of these extreme weather e\«nts can be se\iere, 
and include both direct impacts such as death and mental health 
effects, and indirect impacts such as population displacement and 
w-aterborne disease outbreal<s such as the 1993 Milwaukee Cryp- 
tosporidium outbreak caused by flooding that sickened an estimated 
400,000 people/"'^' 

The populations most at risk from such extreme extents also are 
growing, particularly as a result of increased coastal development, 
as recent flooding ex’ents and hurricanes have shown. Sea-le\'el rise 
associated with climate change will amplify the threat from storm 
surge associated with catreme weather events in coastal arcas.^” 
Other areas, such as the Southwest, are at risk for decreased 
agricultural productixity due to increased drought and possible 
compromise of potable water supplies due to flooding from heavy 
precipitation events.'**'' Given the increased incidence of extreme 
weather ex'ents and the increasing number of people at risk, research 
in this area is an immediate and significant need. Preparation has 
a significant impact on outcomes of extreme weather events. Poor 
preparedness and response to Hurricane Katrina led to increased 
morbidity and mortality, as well as economic costs associated with 
recoveiy, which were estimated to be in excess of $150 billion.^”*' 

By increasing research funding related to extreme weather ev'cnts, 


inweased preparedness levels could lower costs and minimize 
moittdityand mortality from future events. 

Impacts on Hisk 

Achanging climate coupled with changing demographics is ex- 
pected to magnify the already significant adverse effects of extreme 
weather on public health. For example, the intensity and frequency 
of precipitation ex'ents in the United States have increased over 
the past 100 years in many locations. In the Midwest and 
Northeastern United States, heavy rainfall events (defined as those 
in excess of 1 inch <rf rainfall) liave increased by as much as 100%, 
and recent flooding events, such as the June 2008 flooding in the 
Midwest, have caused billions of dollars of damage and significant 
loss of life.^°* In line with this ob.ser\’ed trend, there is a projected 
increase in intensity of precipitation events in some areas of the 
country, particularly in the Northeast, which has experienced a 67% 
increase in the amount of heavy precipitation events in the past 50 
N'ears.^'”” Precipitation extremes also are expected to increase 
more than the mean. Regional variability appears to be increasing 
so that even though extreme precipitation extents will become 
more common, some areas xvill concurrently experience drouglit, 
especially in the northeast and southwest. ' 

The intensity of extreme precipitation extents is projected to increase 
with future wanning.’ ’^ This could limit the ability to capture and 
store water In resmoirs, leading to flash flooding ex’ents. Climate 
\-ariability resulting from naturally occurring climate phenomena 
such as El Nifio, I.a Nina, and global monsoons, are associated 
with extreme weather events around the globe. * El Nifio and La 
Nina conditions lead to changes in the patterns of tropical rainfall 
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and in the weather patterns in mid-latitudes, including changes in 
the frequency and intensit\^ of weather extremes. El Nino is also 
projected to increase in both frequencj’ and intensity as the climate 
warms, though there is uncertainty about the relative frequenc>'of 
El Nino and La Nina in the future. Increased precipitation associated 
with stronger El Nino events would affect the Western United Stat^ 
particularK- California, the Pacific Northwest, and the Gulf Coast 
more than other regions of the countr>-. ’ " 

Hea\y precipitation e\ents will be highly A^ariable in magnitude, du- 
ration, and geographic location. Increased \'ariability in weather and 
climate extremes is difficult to predict, and will impact the ability of 
human systems to manage for and adapt to hea\y precipitation and 
flooding events. An observed divergence of precipitation patterns 
has lead to increased variability in the amount of precipitation per 
event, resulting in both extreme amounts of precipitation, as well as 
abnormally small precipitation erents. ’ ’ These effects have already 
been obser>-ed globally. A study in Germany found that winter 
storms from 1901 to 2000 showed an increasing trend of precipita- 
tion e^ents both exceeding the 95'*’ percentile and falling below the 
5"' pereentiie; while from 1956 to 2004 the Dongxiang River in China 
became increasingly likely to be at either extreme flood flow or 
abnormally low-flow.''" 

The current evidence is insufficient to determine if the frequency 
of tropical cyclones in the Atlaiitic Basin will change. Tlie obser\ ed 
fi-equenc>’ of tropical cyclones in the Atlantic Basin has increased 
since the mid-1990s, though the numbers are not unprecedented and 
must be reconciled with active multi-decadal periods of the past, 
such as tlie 1950s and 1960s. Increases in sea surface temperature 
and decreases in wind shear may lead to more intense Atlantic 
hurricanes, though some models also show a decrea^ in the number 
of intense hurricanes in the Atlantic Basin. 

Tlie spatial distribution of hurricanes also is likely to change, with 
storm surges becoming more damaging in areas unaccustomed to fac- 
ing large hurricanes. The combination of sea-level rise with increasing 
storm intensity could lead to significant destruction of coastal 


infrastructure and more costly hurricanes.' ’ In addition, flooding 
and oiastal changes could lead to ecosystem changes such as loss of 
wetlands that could indirectly impact human health. Hurricane track 
forecaslingand modeling methods have improved, and mortality 
rates for major storms ha\'e declined over time, but the combination 
of incre^ed coastal population densit.v, increased intensity of tropical 
stonns, and sea-level rise will result in significantly increased risk 
going fonvard.'’"' 

Some models show that w'liat were 20^ear floods in i860 in the United 
Kingfwn are now 5-year floods; e\ en greater impacts are expected in 
tropical tegbns. ' '' In the United States, large floods are more frequent 
now than at the beginning of the 20”' centuiy. ' Monsoon-related flood- 
ing results in damaged infrastructure, increased disease, and loss of life. 
During El Nino, areas includig Indonesia, southern Africa, northeastern 
Australia, and ncHtheastem Brazil usually experience extensive periods 
of dr>- weather and wamier-than-average temperatures. These 
ccxidllions have historically resulted in a \-ariety of adverse effects, such 
as mudslides, fewest fires and resulting increased air pollution, mas,"! 
migrations, and famines. ' 

mitigation and Adaptation 

Climate change mitigation includes activities tliat leduce greenhouse 
gas emissions. Important sources include land use changes, transport, 
energy- production, and buildings. Some proposed mitigation strate- 
gies to reduce the occurrence of extreme weather events could impact 
human liealth. A reduction in personal automobile iksage is one way to 
lower carbon emissions. However, a greater reliance on pubic trans- 
portation could either impro\^ or reduce the ability to quickl>' evacuate 
a city prior to a severe weather event, depending on how it is managed. 
Mitigation activities related to land use may have other health impacts; 
anthropogenic reforestation, when combined with siiifting weather 
patterns, could provide habitats for zoonotic and vectorborne diseases 
w'hile redudng land available for agricultural uses, It Is difficult to 
adequately evaluate the likely health impacts of various mitigation 
strategic though Health Impact Assessments are proving a ver>' 
useful public health tool for this pui-pose. 
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There are se%'eral adaptation strategies for- extreme weather ex'esits 
that iia\-e pro\’en effective, including early w-arning systems, 2»ning 
and planning to a^’oid building in at-risk areas, reinforcing the built 
environment against hazai-dous weather events, and evacuation plan- 
ning. While some strategies may be easily, they can be Implemented 
over extended periods of time, defraying their costs. However, 
adaptation could be more difficult in some of the most heavih' 
affected areas. For example, the population of many cities alwig the 
relatively high-risk U.S. Eastern seaboard lias been growing in recent 
\'eai-s and this growth is likely to continue. High population growth, 
typically associated with concentrations of critical infr^tructure, 
in areas vulnerable to storm sui-ges and sea-le\el rise will make 
adaptation difficult. Moreover, some adaptation activities intended 
to preser\’e existing infrastructure, such as building levees and other 
flood control measures, may have adverse ecological impacts and be 
prohibitively expensi\'e. Al ternati^•eiy, measures to fortify natural 
barrlere to flooding and erosion and to buffer storm surge, such as 
wetlands and tidal marshes, will decrease the magnitude of adverse 
expasures and maintain associated ecosystem sendees such as 
food production and waste assimilation, thereby realizing potential 
co-benefits of climate change adaptation. 

Research IHeeds 

Due to the complexity of climate change and the health effects associ- 
ated with climate variability and extreme weathe!-, rese.arch needs in 
this area are diverse, and include: 

• exploidng the impact of extreme precipitation events on 
waterborne disease, particularly cholera, and on the ecolc^v of 
v'ectorborne and zoonotic disease 

• improving understanding of extreme weather events associated 
with naturally occurring climate phenomena such as El Nino, La 
Nina, and monsoons, and their impacts on human health 

• assessing the ability of health care systems to respond to extreme 
vv'eather events and provide uninterrupted access to and delivery 
of health care services under a variety of scenarios 

® improving understanding of how to anticipate and address food 
security and nutrition issues afta' extreme weather events, 
domestically and globally 

® improving understanding of how to anticipate and address water 
quality and availability concerns associated with extreme weather 
events, domestically and globally 


• dev^elf^ing strategies for linking health databases “ " with 
real-time monitoring and prospective assessment of weather, 
dImate, geospatial, and exposure data " ' in order to better 
diaracterize the health impacts of extreme weather events 

• improving the predictive power of probabilistic modeling of health 
effects of extreme ev'ents such as droughts, wildfires, and floods 

• aihandng predictability, modeling, and ongoing assessment of the 
effects ofclimale variability and change (seasonal-to-interannual 
and decadal) on extreme events and correlation with short- and 
long-term health outcomes 

• developing and validating downscaling techniques from global 
dimate models to provide regional information for health early 
warning systems 

• transitioning research advances into operational products and 
decision support tools for health early warning systems 

• evaluating and improving the effectiveness of health alert w'arning 
sv'stems and other health system risk communication tools such as 
evacuation protocols and National Disaster Management System 
activation, particularly for high-risk populations 

• expanding research on prevention and preparedness for extreme 
weather events including development of disaster planning tools 
such as data and communication systems for public health and 
emergency care, including enhanced access to medical records 
and capabilities across hospitals on a regional level 

• evaluating and developing new funding and reinsurance strategies 
and policies for disaster relief and rebuilding infrastructure 

Weather related research intersects with several other areas of 
climate change research. ExamplevS include waterborne and vector- 
bc«-ne illness following floods and hurricane storm surges, as well 
as post-traumatic stress disorder and related mental effects that can 
result from persona! tragedy and displacement after extreme weather 
events. Studies of marine ecosystenvs and associated health impacts 
also overlap with extreme weather studies. Research in health 
communications and early warning systems is clearly applicable 
to periods proceeding and follow’ing weather disasters, as well as 
disaster preparedness and critical infrastructure development and 
protection 


h.gov/c!ir!iattM'i;por! 
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Sf iitliesis and 

Reconiinendations 



There Is abundant evidence that human activities are 
altering the earth’s climate and that climate change 
will have significant health impacts both domestically 
and globally. While ail of the changes associated with 
this process are not predetermined, the actions we take 
today will certainly help to shape our environment in 
the decades to come. Some degree of climate change is 
unavoidable, and we must adapt to its associated health 
effects; however, aggressive mitigation actions can 
significantly blunt the worst of the expected exposures. 
Still, there will be effects on the health of people in 
the United States, some of which are probably already 
underway. As great as the domestic risks to U.S. public 
health are, the global risks are even greater. 

Climate change and health issues transcend national 
borders, and climate change health impacts in other 
countries are likely to affect health in the United States 
as well. Famine, drought, extreme weather events, 
and regional conflicts— all likely consequences of 
climate change— are some of the factors that increase 
the incidence and severity of disease, as well as 
contributing to other adverse health impacts, making it 
imperative to address climate change-related decision 
making at local, regional, national, and global levels. 
The complicated interplay of these and other factors 
must be considered in determining the scope and focus 
of both basic and applied research on climate change 
and health. 
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There are significant research needs to help direct 
adaptation activities and inform mitigation choices 
going forward. Such needs include integrating climate 
science with health science; integrating environmental, 
public health, and marine and wildlife surveillance; 
applying climate and meteorological observations to 
real-time public health issues; and down-scaling long- 
term climate models to estimate human exposure risks 
and burden of disease. Integrated data systems should 
incorporate a breadth of environmental parameters, 
as well as sociodemographic parameters such as 
population, income, and education. 

Several overarching themes emerged during the creation 
of this document including: systems and complexity, risk 
communication and public health education, co-benefits 
of mitigation and adaptation strategies, and urgency and 
scope. These are discussed below. 

Systems and Complexity. The complicated links between human 
and natural systems need to be better understood so public health 
agencies can develop evidence-based prevention strategies and the 
health care community can pursue secondaiy controls and respond 
to health incidents when prevention is not effecth'e. Research 
on these links should focus not only on the direct health effects 
of climate change but also on the complex relaticmships between 
different exposure pathways and health risks. For example, people 
with compromised immune systems because of persistent organic 
pollutant exposure are likely to be at greater risk of infection and 
death from vectorbome, waterborne, and foodborne pathogens and 
disease. Similarly, people with re-spiratorv- illnesses such as asthma 
and chronic obstructive pulmonary disease are far more likely to 
suffer distress and hospitalization during extreme heat events, dust 
storms, or high pollen events than healthy people. Thus, the structure 
of basic research on health impacts should address thecombin©! 


effects <rf multiple emironmental changes and stressors, some caused 
by climate change and some by other factors, facilitating a robust 
public health and health care response. 

Given the fundamental iniportance of ecosystems in climate change 
impacts and the significant roles tliat environmental factors play in 
human health, climate change and health research should also focus 
OT the complex Interplay between risk, location, and environmental 
conditions. Vulnerability and resilience to climate change health 
effects are both heasily determined by locality. A huge amount of 
diverse Information will be needed at all gosernance le\’els (local, 
regional, national, global). Understanding local needs will be of 
greatest importance, giren that effecti\'e adaptation strategies likely 
will not be universally applicable to all locations. However, there is 
also a ne«i to identify common elements of strategies that may be 
generalized from onecontmunity to another. In addition, research is 
needed on how to identify common features of locales that will help 
identify them as haring similar responses to climate change, how to 
determine and develop optimal strategies for interventions, and how 
lode\ elop and implement communication tools that will effectively 
help communities respond to their particular situation. 

Risk Communication and Public Health Education. 

Knowledge is one of the most strategic tools in reducing health 
prc^lems in any environment; it allows us to understand what is 
harmful, why and possibly how to av'oid such harm. Research is 
critical, but knowledge that is not effectively communicated to 
appropriate audiences is wasted. Knowledge of the health impacts as- 
sociated with climate change will hare limited value without effectire 
communication and education strategies to increase public awareness 
and understanding of the specific risks involved and the complexity of 
the issues. Communication with particularly vulnerable individuals 
and populations, as well as with health care professionals and public 
health officials tasked w ith protecting communities, is itself deserv- 
ing of further research. For example, public health agencies already 
warn people with pulmonary diseases to avoid lengthy exposure 
outdoors on days of high ozone. Such warning systems might be 
jnore efiectire if delh ered through multiple cliannels and tailored to 
individual health rislcs. Warnings on other liarmful environmental 
exposures such as high pollen concentrations and extreme heat 
events should be expanded in geographic scope. For at-risk patients, 
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warnings could be integrated into hospital and clinic dischargp 
instructions or distributed with medications to more effectiwly 
pre\ent exacerbations of en\-ironmentally sensitix'e disease. Public 
health professionals need to be highly \igilant for opportunities to 
increase the range and impact of early warning s\-stems on vulnera- 
ble populations. As our health care s\'stem is increasingly^ integrated 
and preventive healtli acti\ ities become more robust, there will be 
ever more opportunities to pre\ent adverse health effects ass<xiated 
with harmful em ironmenta! exposures. Risk communication efforts 
need to be culturally sensith e to provide appropriate and effective 
guidance, and potential inters’entions require testing and exaluation 
before they are implemented. 

Mitigation and Adaptation. Considerable discussion currently 
focuses on identifying mitigation strategies that balance the 
economic costs of emission reductions (both direct mitigation 
costs and costs associated with loss of producti%ity) with the costs 
of environmental degradation from continuing business as usual. 
Examples of mitigatioir technologies include electric cars, alternalbe 
fuels, and green urban de\-elopment. Cost-benefit evaluations 
typically express costs in economic terms rather than in terms of 
human morbidity and mortality, though these health impacts can be 
substantial. Many mitigation and adaptation strategies reach across 
health endpoints and may be both beneficial and problematic for a 
wide array of diseases, 

Climate change health impacts are complicated and not always intui- 
tive or unidirectional. For example, reducing reliance on fossil fuels 
in the transportation sector will substantially rediice CO^ emissions, 
which overtime will reduce the effects of climate change on human 
liealth. Thus, consideration of the costs of emissions reductions 
should include reduced health cost due to effective mitigation. 

Failing to mitigate also carries additional health consequences 
beyond those associated with climate change itself. For example, 
reducing vehicular emissions improves air quality, which may lessen 
incidences of effects such as airway' diseases and irritations, cardio- 
vascular disease, and cancer. However, further research, including 
life cycle analyses of batteries and other technologies, and hximan 
exposure to no\ e! emission mixtures, is needed to ax'oid unintended 
negati\'e consequences. If we choose not to reduce greenhouse gas 
emissions from transportation, levels of air pollution generated 
by %’ehicles will remain high and the cardiovascular, respiratory, 


and cancer morbidity and mortality associated witli vehicular 
air pdlution will continue and probably increase. This example 
illustrates the importance of understanding the potential co-benefits 
of climate change mitigation efforts so that optimal strategies can be 
implemented. Basic research on health and environmental factors 
and implementation research to develop new models and paradigms 
for burden-of-disease calculations are needed to allow for a careful 
use of health and economic cost indicators in the same evaluation. 
Health impact assessments are an important tool for evaluating the 
health impacts, both positi\'e and negative, of possible mitigation 
strategies prior to widespread implementation. 

Similarly, there is considerable need for study of broader adaptation 
issues that will affect many different groups. Examples of adapta- 
tion include use of air coixditioning. weather alerts, and increased 
numbers of medical facilities. Of key interest are the health effect.s of 
adaptation practices in food, water, and chemical use. For example, 
regional water shortages will cause a greater intensity of recycling 
and reuse of water, with resulting increases in risks of human 
exposure to waterborne pollutants and pathogens. The genetic 
modification of plants to withstand altered environments and use 
less water could introduce changes in the allergenicity or toxicity of 
foods that are currently considered harmless. And use of pesticides 
whose residues maybe harmful to both current and future genera- 
tions may increase as a way of adapting to the effects of increasing 
temperatures and changing precipitation patterns that affect crop 
yields. Other adaptation efforts may hav'e important health co- 
benefits that need to be identified. Foi* example, adaptation efforts 
focusing on urban desigit, such as increasing urban albedo through 
green roofs, increasii^ urban tree cover, reducing the size of the 
urban heal island through compact development, and decreasing 
impervious surface runoff through use of permeable paving surfaces 
have been shown to have multiple co-benefits. 

By no means a comprehensive list, tlie strategies discussed above 
illustrate the divereity in mitigation aiid adaptation possibilities, 
and it should be noted that many new Ideas and options are being 
devdoped. As with all emerging technologies, it is important to ho- 
listically examine their effects on health, both positiv'e and negative, 
so that the best options for society can be identified and adopted. 
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Scope and Urgency. The necessary research on climate dian^ 
health impacts, tlie health effects of mitigation, and de\'-elojKnenl 
of appropriate adaptation strategies wili not occur spontaneously 
and cannot occur in isolation. To be successful, an o\’erarching 
research program needs to be integrated, focused, interdisciplinary, 
supported, and sustainable, yet flexible enougli to adjust to new 
information and broad enough to cover the ven,- diverse components 
described in this document. The effort must also be multinational, 
multiagency, and multidisciplinar\’, bringing together the strengths 
of all partners. The effort also must promote user-driven reseatx:h 
that closely aligns future research directions with the needs of 
decision makers by facilitating raulti-directional dialogue among 
information producers, providers, and end users. This research will 
require capacity building in a number of areas, especially in climate 
sciences and disease and ecosystem surveillance necessary to sup- 
port the health sciences as they grapple with these issues. Finally, 
both the efforts and the outcomes need to be evaluated using dear 
metrics that are linked to assessment questions and outcome indica- 
tors to ensure they are valid, effective, and achieve the desired goals. 

Natural systems adapt to environmental changes or they fail. Climate 
change threatens many of the natural and built sj-st^ns that protect 
and preser\’e our nation’s health. Tlie infrastructure that we have put 
in place to protect health and provide well being in the United States 
is extremely diverse and includes hospitals, clinics, public health 
agencies, trained personnel, roads and transportation systems, the 
electrical grid, water treatment systems, and many other components. 
Til reals to these systems from climate change range from damage to 
natural and built physical infrastructure to damage to intangible or- 
ganizational structures (human and social capita!) that are required 
to maintain resilience to environmental threats. Climate change could 
have grave impacts on public health systems if they’ are not appropri- 
ately strengthened. Research into the vulnerabilityof these systems 
will be critical to identifying areas most in need of attention, a^’cnding 
mistakes, limiting human suffering, and ultimately saving lives. 
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INTRODUCTION 

The climate has always and will always be changing, and that is unquestionable. What is in 
question is the amount of influence human activity has on climate patterns, and this report is 
intended to provide an opportunity to think critically and review some of the more important 
global wanning predictions made over the last several decades. 

For more than thirty years, a litany of predictions and claims have been made about what impact 
anthropogenic (human-caused) greenhouse gases (GHGs) would be on the earth’s climate, and 
on plant and animal life directly. Much of the concern that has been raised — and which 
continues to be raised — focuses on carbon dioxide (CO 2 ) emissions, an otherwise naturally 
occurring gas that makes the process of photosynthesis and life on earth possible. Over nearly 
four decades, numerous predictions have had adequate time to come to fruition, providing an 
opportunity to analyze and compare them to today’s statistics. 

There is little doubt that affordable reliable energy is one of the greatest equalizers in our society. 
Our use of fossil energy has established a standard of living in the United States that provides 
families of any income level the ability to heat and cool their home, drive to work or their 
children to school, or even visit far away family members. In fact, the National Academy of 
Engineering dubbed electrification “the greatest engineering achievement of the 20*'’ Century.’’* 
Inevitably, the use and production of this energy releases some CO 2 into our atmosphere. 

The use of fossil energy has increased and expanded internationally, and GHG emissions are 
anticipated to continue to grow in developing nations such as China and India. This report posits 
that as the developing world has greatly expanded its use of fossil energy and CO 2 emissions 
have increased, then the predictions and claims regarding human influence on climate patterns 
should be apparent and easily proven. It is important to keep in mind that many of the 
predictions and claims analyzed in this report were made prior to China surpassing the United 
States in 201 1 as the largest global GHG emitter. Accordingly, if things are “worse than 
predicted” as many climate activists and politicians have recently asserted, impacts should prove 
themselves out as worse than the predictions and claims reviewed in this report. 


‘"In questions of science, the authority of a thousand is not worth the humble reasoning of 
a single individual. ” ^ - Galileo Galilei, Italian physicist, mathematician, astronomer, and 
philosopher 

“The truth may he puzzling. It may take some work to grapple with. It may he 
counterintuitive. It may contradict deeply held prejudices. It may not be consonant with 
what we desperately want to be true. But our preferences do not determine what's true. 

- Carl Sagan, American astronomer and scientist 


^ The Greatest Achievement of the 20''' Centiiry, Nat’l Academy of ENGiNEERiNG, (Dec. 3. 2004), 
httD:/AVYVAV.mac.ncsu.edu/ei.sciien/course.s/niae41.5/docs.,^Greatesl£naineeringAchievement.s.Ddl' . 

’ Francois Araqo, Biographies of Distinguished Scientific Men 365 (Baden Powell, Robert Grant, and William Fairbaim 
trans.) (1859). 

' Carl Sagan. Wonder and Skepticism, 19 Skeptical Enquirer l(Jan.-Feb. 1995). 
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I. CLIMATE MODELS; THE 15- YEAR HIATUS IN WARMING 


“Jn experiment is a question which science poses to Nature and a measurement is the 
recording of Native's answer. Max Planck, German physicist 

Predictions : 

“Most of the climate models...now project that average global temperatures will rise 
somewhere from 3 to 8 degrees Fahrenheit toward the middle of next century..,. A range 
as high as 14.4 degrees and 18 degrees cannot be ruled out.”^ New York Times, January 
17, 1989 

"Using computer models, researchers concluded that global warming would raise average 
annual temperatures nationwide two degrees by 20 10."^ Associated Press, May 15, 1989, 

“Children just aren't going to know what snow is.”’ Dr. David Viner, senior research 
scientist at the climatic research unit (CRU) of the University of East Anglia, interviewed 
by the UK Independent, March 20, 2000. 

“The entire north polar ice cap will be gone in 5 years.”* Former Vice President Al Gore, 
December 13, 2008. 


Claims: 


“The climate is heating up far faster than scientists had predicted, spurred by sharp 
increases in greenhouse gas emissions from developing countries like China and India.” 
Reuters, February 14, 2009 

“The temperature around the globe is increasing faster than was predicted even 10 years 
ago.” President Barack Obama, November 14, 2012 


“ Max Planck. Scientific Autobiography and Other Paper.s (1968). 

^ Philip Shabecofl'. Global Warming: Experts Ponder Bewildering Feedback Effects, N.Y. Times. Jan. 17. 1989, 
htTnicwww.nviimcs.com/ 1989/0 1, T7/scicncc/globaNwarining»cxpcHs-Dondcr»bc\vildcrin(e-rcc<.1back- 
efrecis-htinr?paiicvvamcci=al)&src-nm - 

* Kirk Myers, Arctic Ocean warming, icebergs growing scarce. Washington Post reports. The Examiner. Mar. 2, 2010, 
hiii>://\v\vw.exaininer.com./ai-tic!c./arc(ic-ocean-vvarming-iccber£s-ero\ving~scarcc-washington-pc>st-reports {quoting Associated 
Press). 

' Charles Onians. Snowfalls are now just a thing of the past, THE INDEPENDENT. Mar. 20. 2000, 
httD://w\vvv.indeDendcnt.co.uyenvironmcnCsnovvfal{s-are-novv-iust-a-lhing-of-lhe-Dast-7240i7.htmi . 

* Charles .1. Hanley. Gore: Polar Ice May Vanish in 5 Years, HuffingtON POST, Dec. 1 4, 2009. 
hTtp:/ywA\Av, hufl1ngtonpost.com/2009/l2/14/gorc-ixilar-icc-mav-vanish n ■)91632.htini . 

^ Julie Sleenhuysen. Global warming seen worse than predicted, REUTERS. Feb. 14, 2009. 
http://\v\\Av.reuter.s.com/articie/2Q09/02/l4/tis-cliinate-}dU$'l'RE5ID29B2(K)90214 . 

Transcript of President Obama ‘s biews Conference, N.Y. TIMES, Nov. 14. 2012, 
http:.''.'\v\v\v-nvlinies.c()in/20i2/l l/14/us/polilics.’'running-transcrint-ol-nrcsident-obainas-press- 
conference.htmi?na2evvamet.k^{0& r--2&src-t\vT . 
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The Latest Science : 

The predictions seem unlikely to come true, and the claims contradict the data, as noted by 
entities generally supportive of the Administration’s climate change policies. For instance, The 
Economist recently explained that “temperatures have not really risen over the past ten years”' ' 
and that “[o]ver the past 1 5 years air temperatures at the Earth’s surface have been flat.”’’ Last 
month, BBC News reported, “Since 1998, there has been an unexplained ‘standstill’ in the 
heating of the Earth's atmosphere,”'^ 

Furthering the concern that past climate models have not proven true, Professor Judith Curry, 
chair of the School of Earth and Atmospheric Sciences at Georgia Institute of Technology in 
Atlanta, stated on June 14, 2013, “Attention in the public debate seems to be moving away from 
the 15-17 year ‘pause’ to the cooling since 2002.”'’ She further stated, “This period since 2002 is 
scientifically interesting, since it coincides with the ‘climate shift’ circa 2001/2002 posited by 
Tsonis and others."’ This shift and the subsequent slight cooling trend provide a rationale for 
inferring a slight cooling trend over the next decade or so, rather than a flat trend from the 1 5 
year ‘pause.’” 

Importantly, the U.S, Environmental Protection Agency (EPA) has essentially ignored Members 
of Congress who asked for EPA data supporting the President’s claims about global temperature 
predictions. For example, on December 4, 2012, Senator Sessions wrote former Administrator 
Jackson: 

The actual temperature data show no significant change in global temperatures 
over the past decade and certainly less warming than the climate change models 
predicted. At an August 1, 2012, hearing before the Senate Committee on 
Environment and Public Works,.. climatologist Dr. John Christy of the University 
of Alabama-Huntsville offered testimony demonstrating that the IPCC climate 
models, which have been relied upon by alarmists, vastly over-stated the degree 
of warming in comparison to actual temperature data observed by advanced 
satellites. Dr. Christy’s chart... demonstrates that the IPCC models, on average, 
predicted a significant amount of warming that has not actually occurred. In fact, 
contrary to the President’s assertion, the chart shows that global average 
temperatures have not increased at all over the past decade, and certainly less than 
was predicted 10 years ago. 

The President’s assertion also conflicts with the views of many other scientists 
and experts. In an editorial published earlier this year in the Wall Street Journal, 
scientists and engineers from MIT, Princeton, Cambridge, and other leading 


' ' Apocalypse perhaps a little later. EcONOMtST. Mar. 30, 2013. http://\v\vw.cconon’iist.coiTi.-'ncws/lcadcrs/2 1574490-climatc- 
change-mav-be-hanpening-inore-slowlv-.sckntists-llKnight-worid-slill-nccds. 

Climate Science: A Sensitive Matter. ECONOMIST. Mar. 30, 2013, hUD:/.'\v\vvv.economist.conyne\v.s/science*and- 
technoiogv7'2l574461-clii'natc-rnav-bc-hcating-up-lcss-rcsponsc-grccnhousc-t»as-cmissions . 

Matt McGrath. Climate slowdown means extreme rales of warming 'not as likely'. BBC News, (May 19. 2013, 1; 31 PM), 
http://vv\wv.bbc.co.uk/news/science-environment-22567023. 

.fudith Curry. Week in Review. Climate Etc., (June 14. 2013), http://judithcurry.eom/2013/06/l4/week-in-revievv-3/. 

Bill Osmulski, UW-Milwaiikee Professor Predicts 50 Years of Global Cooling, MacIver Institute (Jan. 13, 2010, 2:59 PM). 
http://\v\v\v.niaciverinstitute.com./20l0.4)l/uw-milvvaukee-profes.sor-predicts-50-vears-or-utobai-cooiinu/. 

Id. 
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institutions explained that ‘perhaps the most inconvenient fact is the lack of global 
warming for well over 10 years now’ and that there has been a ‘smaller-than- 
predicted warming over the 22 years since the U.N.'s Intergovernmental Panel on 
Climate Change (IPCC) began issuing projections.’ Additionally, the lead author 
of the 2007 IPCC climate report stated in an email that ‘we can’t account for the 
lack of warming at the moment...’ 

As policymakers consider proposals aimed at addressing concerns about rising 
temperatures predicted by the IPCC climate models, a critical question is whether 
the planet is warming to the extent predicted by these models. The data suggest to 
me that the planet is not warming to the extent predicted 1 0 years ago. ' ’ 

To shed light on this issue, Senator Sessions asked EPA to “provide the best available data that 
EPA would rely upon to support the President's assertion,”'^ along with an EPA-prepared chart 
comparing ‘‘actual global average temperature increases since 1979 (when satellite temperature 
data became available) versus the latest IPCC predictions...’’ 

Gina McCarthy, nominee to be EPA Administrator, responded to Senator Sessions in a letter 
dated February 14, 2013, by asserting that “there are multiple lines of evidence that clearly 
demonstrate that average global temperatures are rising,"’® yet she did not provide any of the 
requested data relating to average global temperatures. Instead, the letter seems to dodge Senator 
Sessions’ data request by claiming that “only looking at 10 years of a single dataset cannot 
provide a full picture of climate change trends, and should also not be the sole test by which to 
judge the asefulness of climate models in either simulating past climates or projecting further 
climate change.’’^' 

The lack of responsiveness on these points was raised at McCarthy’s April 1 1, 2013 nomination 
hearing when Senator Sessions presented the following chart which demonstrates global 
temperatures have not increased over the last decade and certainly not to the extent predicted by 
the climate models: 


” Letter from Sen. Jeff Sessions to Lisa Jackson, EPA Adm’r, (Dec. 4, 2012) (on (He with author). 

Letter from Sen. Jeff Sessions et al. to Gina McCarthy, EPA Asst. Adm’r Office of Air & Radiation. (June 24. 2013) (on Hie 
with author). 

Id. 

-^Id 

Id 
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In his questions for the record, Senator Sessions once again requested the data from McCarthy: 
“Will you provide me with data showing actual global average temperatures since 1979 versus 
IPCC predictions, as was requested in my letter?” 

On April 30, 2013, the EPA responded to Senator Sessions. Yet, instead of providing the 
requested analysis including a chart showing official predictions versus actual global 
temperatures, the Agency simply stated that “EPA has not produced its own analysis, but we 
expect a definitive comparison in the forthcoming [International Panel on Climate Change] Fifth 
Assessment Report.”^^ Unlike EPA, the IPCC is an international body outside the jurisdiction 
and oversight of the United States Congress. Moreover, EPA is the entity of the United States 
government that is seeking sweeping regulations on the basis that GHGs are increasing global 
temperatures. EPA’s reliance on the IPCC is not only a violation of the Data Quality Act,^'* but 
also violates the Agency’s own internal policy.’^ 


Hearing on the Nomination of Gina McCarthy to be Administrator of the U.S. Environmental Protection Agency. 1 13th Cong. 
(2013), http:/7\v\vAv.eDw.senatc.gov/r>nblic/index.cfm?FiiseAction=Hearings-Hearing&Hearing ID-d7l rd4b6-ce77-3ft98-46a0- 
tb02b0cac()cd . 

' Id 

The DQA directs the Office of Management and Budget (OMB) to issue government-wide guidelines that "provide policy and 
procedural guidance to Federal agencies for ensuring and maximizing the quality, objectivity, utility, and integrity of information 
(including statistical information) disseminated by Federal agencies.” Data Quality Act §515. 42 U.S.C. §502-504. 

Peer Review Advisory Grp., Addendum to: Guidance for Evaluating the Quality of Scientific and Technical Information. 
EPA's Sci. AND Tech. Policy Council (Dec. 20 1 2), http:/7w\vw.eDa.gov/sDc,^ndrs/assc.ss3.Lxif . 
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To support the President's claim that the temperature around the globe is increasing faster than 
was predicted even 10 years ago, EPA referred to a short paper by Stefan Rahmstorf^*’ published 
in an online journal whose editor-in-chief also happens to be the “coordinating lead author”^’ for 
the IPCC — during the time the IPCC published the climate models vastly over-predicting global 
temperature increases. It is remarkable that EPA — ^without first conducting its own analysis — 
would endorse that paper’s finding that “global temperature continues to increase in good 
agreement with the best estimates of the 1PCC,”‘* a view that appears to be contrary to the actual 
current data and facts. This is shown by a comprehensive comparison of climate models used by 
the IPCC, which is reflected in the following chart:^^ 



1.5 



The American public should be deeply troubled to learn that EPA is actively working to increase 
energy prices based on predicted global temperature increases without first undertaking efforts to 
determine if temperatures are actually increasing to the extent predicted by the climate models 
they are using. This refusal to provide reasonable data requested by Members of Congress comes 
on the heels of the EPA Inspector General’s highly critical report investigating EPA’s review of 
external data for the GHGs endangerment finding.^" 


Stefan Rahmstorf et al.. Comparing climate projections to observations up to 2011. 7 Envtl. Rt-s. LE rrEiiS 044035 (2012), 
available at htlp://i(m.science.ion.ora./1748-9326./7/4/044035/Ddt/1748»9326 7 4 044()35.Ddf: It is also noteworthy that this 
paper was published on November 27. 2012 — almost two weeks after the President stated that “the temperature around the globe 
is increasing faster than was predicted even 10 years ago.” Transcript of President Obama's News Conference. N.Y. TIMES, Nov. 
14, 2012. htrp:/7w'\vw’.nvtimes.com/20l2/1 l/14.'us/polilics/running-transcriDM>f-presidcnt-ohamas-press- 
conference.html?paiiewantcd- 1 0& r=2&src=twT . 

Dr. Daniel M Kammen's Personal Website. Berkeley.edu. httDC'/kammen.lTerkclev.edu/V (last visited July 16. 2013). 

Stefan Rahmstorfet al.. Comparing climate projections to observations up to 2011. 7 Envtl. Res. Leti'ERS 044035 (2012), 
available, al hTip:.-'/iopscicncc-iop,org./|748-9326/7./4.^044035/pdt7l748-9326 7 4 044035.pcH . 

Dr. John Christy, Tropical Mid-Troposphere 20S-20N. (June 4, 2013), http:/.<'www’.drroyspencer.com/wp- 
contenCuploads/CM!P5-19-US.A-mode!s-vs-obs-20N-20S-MT.png. 

Envtl. Prot. Agency. Office of Inspector Gen., Report No. n-P-0702. PROCEDUfc-M, Review of EFA's Greenhouse 
G.ases Endangerment Finding Data Qu.ality Processes (20H), available at httn:.6v\wvv.epa,»o\ /oig/rep()rts.'2(> n /20lJ (1926-_ 
li-P-()702-pdr. 
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Congress continues to wait for the federal agency’s supporting data and analysis the President 
cited which shows actual global average temperatures since 1979 versus IPCC predictions, as 
was requested in Senator Sessions’ December 2012 letter and again during McCarthy’s 
nomination hearing to lead the Agency. 

Questions for Critical Thinking : 

1 . If the computer models and predictions have been inaccurate, why is our federal 
government relying on these models to take unilateral action? 

2. If global warming has been “worse than predicted,” why won’t the federal government 
provide the data supporting this claim? 

3. As it continues to be recognized that the Earth has not warmed for the past 1 5 years, will 
we see the term “global warming” abandoned and replaced in its entirety by “climate 
change?” 

4. Given that many of these models predicted warming trends well before China surpassed 
the United States as the largest GHG emitter, and given the fact that emissions continue 
to grow' at a pace beyond what was originally incorporated into the models, shouldn’t the 
warming be far worse than what was predicted in the worst case scenarios rather than 
well below predictions? 


II. SEA LEVEL RISE: IT’S MEASURED IN MILLIMETERS, NOT FEET 


. "Science is built up of facts, as a house is built of stones; but an accumulation of facts is 
no more science than a heap of stones a house. " Jules Henri Poincare, French 
mathematician, theoretical physicist, engineer, and philosopher of science 

Predictions : 

In 1989, Noel Brown, then-Director of the United Nations Environment Program (UNEP) 
New York office, warned of a “10-year window of opportunity to solve” global warming. 
"A senior U.N. environmental official says entire nations could be wiped off the face of 
the Earth by rising sea levels if the global warming trend is not reversed by the year 2000, 
Coastal flooding and crop failures would create an exodus of ‘eco-refugees,’ threatening 
political chaos.” Miami Herald, My 5 , 1989 

By the year 2100 "global mean sea level will rise 15 to 95 centimeters.” New York 
Times, December 1. 1997 


Gore ’s Really Inconvenient Timing- 'Consensus' On Man-Made Global Warming Collapses in 2008. Republican Env't and 
Pub Works Comm., .fuly 18. 2008, 

http;//\vvvw.ep\v.senate.gov/public/inclex.cfni‘?FuseAction=Minority.Blogs&ContentRecord_id=37ae6e96-802a-23ad-4c8a- 
edf6d8 150789. 

Id. 
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“Rising sea levels, desertification and shrinking freshwater supplies will create up to 50 
million environmental refugees by the end of the decade, experts warn today.” UK 
Guardian, October 1 1 , 2005 

“The last time the world was three degrees warmer than today - which is what we expect 
later this century - sea levels were 25m higher (75 feet). So that is what we can look 
forward to if we don’t act soon. None of the current climate and ice models predict this. 
But 1 prefer the evidence from the Earth’s history and my own eyes. 1 think sea-level rise 
is going to be the big issue soon, more even than warming itself.” James Hansen, 
climate activist and adjunct professor at Columbia University, February 17, 2006 


Claims : 


“The newer analyses that have been done since the IPCC report came out, indicate that 
the upper limit for the year 2100 is probably betw'een 1 and 2 meters, and those are the 
numbers that 1 now quote, because they are the latest science.” John Holdren, White 
House Science Advisor, February 12, 2009 

“Sea level could rise more than six feet by the end of the century.” and “could continue 
rising a foot each decade after that.” Jeff Goodell for Rolling Stone, June 20, 2013 

The Latest Science : 

Both the predictions and claims are highly inconsistent with the latest science. In fact, the 
United Nations has already made their 2005 prediction disappear.^’ According to the National 
Oceanic and Atmospheric Administration (NOAA), data indicates that sea levels rose only 1.1 - 
1.3 mm/year from 2005-2012.^* Citing NOAA directly, the “numbers represent the globally 
averaged changes in sea level and have magnitudes on the order of millimeters per year.” ’’ 
Accordingly, at the current rate of sea level rise, it would take approximately 25,000 years 
(around the year 27013) for the oceans to reach Hansen’s 2006 prediction levels rather than 
something “we expect” to reach by the year 2100. 

During his 2009 confirmation hearing. Dr. John Holdren, the present White House science 
advisor, retracted from his prior claim that sea levels could rise “13 feet” and instead revised 


David Adam. 50m environmental refugees by end of decade. UN warns. The GI!ardian. Oct. I ! , 2005, 
hnD:.v\v\vw.guarciian.co-iik/cnvironmcnt'2005/Oct.'l2/natiiraldisasters.climatccham‘cl ■ 

Jim Hansen, Climate change: On the edge. The Independent, Feb. 17. 2006. 
hitD://\v\v\v.independem.co.uk,cnvironmfm/ci}matc-chanec-km-thc-eiJt*c-46('>8 1 8.html . 

'' Hearing before the Comm. On Commerce. Science, and Trans.. 1 1 1th Cong., (2009) {.statement of .lohn Holdren. White House 
Science Advisor). 

Jeff Goodell. Goodbye, Miami. Rolung Stone. June 20, 2013. bttp;/7vnv\v.roningstone.com/'politics/ne\vs/why-the-city-of- 
miami-iS'doomed-to-dro\vn'201 30620. 

Anthony Watts. The VN “disappears ” 50 million climate refugees, then botches the disappointing attempt. 

WATrsUPWiTHTHAT Blog (Apr. 15, 201 1), lmp:/Avattsupvviththat.cQm./201 l./04./l5.Thc-vin-disappears-50Mnillion-ciimatc- 
reAmees-lhen-botches-the-disapoeanini-attempy . 

U.S. Dep’t of Com.merce. Nat‘1- Oc'e.anic and Atmospheric Admin. The Budget of Recent Global Sela Level Rise 2005- 
2012(2012). 
hi 

^0 /,7 



380 


down his own predictions to match the lower numbers from the IPCC 2007 report. The following 
is an excerpt from the February 12, 2009, hearing: 

Senator Vitter: Final question: In 2006, obviously pretty recently, in an article, "The War 
on Hot Air,” you suggested that global sea levels could rise by 1 3 feet by the end of this 
century. And in contrast to that, the IPCC's 2007 report put their estimate at between 7 
and 25 inches. So their top line was 25 inches, about 2 feet. What explains the disparity? 

Dr. Holdren: My statement was based on articles in the journals Science and Nature, peer 
reviewed publications by some of the world's leading specialists in studying ice, who had 
concluded that twice in the last 19,000 years, in natural warming periods of similar pace 
to the warming period that we're experiencing now, in large part because of human 
activities, sea level went up by as much as 2 to 5 meters per century. 

Senator Vitter-. The bottom line: Do you think the better worst-case estimate is 25 inches 
or 1 3 feet? 

Dr. Holdren-. The newer analyses that have been done since the IPCC report came out 
indicate that the upper limit for the year 2100 is probably between 1 and 2 meters, and 
those are the numbers that I now quote, because they are the latest science, 

A further review of the science shows that the rate of sea level change has been found to be 
larger in the early part of last century (2.03 ± 0.35 mm/yr 1904-1953), in comparison with the 
latter part (1 .45 ± 0.34 mm/yr 1 954-2003).“'^ When compared to NOAA’s data on sea level rise 
from 2005-2012, the 1. 1 - 1.3 mm/year rate is below the rate from 1954-2003, indicating that the 
rate of sea level rise continues to decline. Analysis from a recent peer-reviewed study had 
findings consistent with the following:'*^ 

Although the mean rate of change of global mean sea level is found to be greater in the 
first half of the twentieth century, the two rates are consistent with being the same at the 
95% confidence level, given their individual standard errors. However, a greater rate of 
rise in the early part of the record is consistent with previous analyses of tide gauge 
records which suggested a general deceleration in sea level rise during the 20'" century 
[ Woodworth, 1 990; Douglas, 1 992; Jevrejeva et al.. 2006] . A twentieth century 
deceleration is consistent with the work of Church and White [2006] who, although 
finding evidence for a post- 1 870 acceleration based on an EOF reconstruction of global 
sea level, found that much of the overall acceleration occurred in the first half of the 20"’ 
century. Church and White [2006] suggested that the greater rate of sea level rise 
observed in the first half of last century was due to reduced volcanic emissions (and 
hence also lower variability in sea level) during the 1930s to 1960s. This Idea is 
supported by results from the HadCM3 model which suggest that the simulated global 


■" Hearing before the Comm. On Commerce. Science, and Tram., 1 1 Itli Cong.. (2009) (statement of .lolin Holdren, White House 
Science Advisor). 

S.J. Iloigate, On the decadal rales of sea level change during the twentieth century, 34 Geophysical. Res. Letters L01602 
(2007), available al httn:/.-'onlinclibrarv.\vilev.com/doi/l0.1029/2006GL028492.'abs{ract . 

“ ' Id. 
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mean sea level did not accelerate through the twentieth century due to the offsetting of 
anthropogenic warming by reduced natural forcing {Gregory et al., 2006].'*'* 

In short, the peer-reviewed scientific evidence can be summed up as follows: 

• Sea level rise was greater in the first half of the twentieth century; 

• There has been a decline in sea level rise in the latter half of the twentieth century; and 

• NOAA’s latest data indicates that the rate of sea level rise is less than half that predicted 
by the IPCC. 

Questions for Critical Thinking : 


1 . If the present rate of sea level rise would put the world on pace to see an increase of less 
than 7 inches by the end of the century, then where are the data sets the IPCC and other 
advocates use to come up with estimates that are in feet and/or meters? 

2. What science did Al Gore use to come to the conclusion that the oceans would rise 20 
feet or more? 

3. What exactly is meant by the statement in the scientific literature “is consistent with 
previous analyses of tide gauge records which suggested a general deceleration in sea 
level rise during the 20th century?’"'^ 

4. If empirical evidence indicates that the rate of sea level rise is decreasing, how does the 
IPCC claim that there definitively is a strong correlation between sea level rise and CO 2 
concentrations in the atmosphere? Doesn't the science tend to indicate that there is a lack 
of correlation? 


III. EXTREME WEATHER: HURRICANES, DROUGHTS, HEAT WAVES, AND 
WILDFIRES 


"When the number of factors coming into play in a phenomenological complex is too 
large scientific method in most cases fails. One need only think of the weather, in which 
case the prediction even for a few days ahead is impossible. Albert Einstein, German 
physicist 


" Id. 

S.J. Holgate. On the decadal rales of sea level change during the twentieth century, 34 Geophysical.. Res. Leiters L01602 
(2007). available at http://on!incnhrarv.\vilcv.com/di)i/10.1029/2006G!-028492/abstract . 

Science. Philosophy and Religion. A Symposium, published by the Conference on Science. Philosophy and Religion in Their 
Relation to the Democratic Way of Life. Inc. .'Hew York (1941); later published in Out of hTy Later lef/cv (1950). 



382 


Predictions : 

“Increasingly, it is being recognized that other climatic factors, including changes in 
rainfall patterns and the frequency and intensity of hurricanes, cyclones and wildfire, may 
have far greater consequences than a rise in temperature.”'*^ New York Times, August 1 7, 
1993 

“Global warming is likely to produce a significant increase in the intensity and rainfall of 
hurricanes in coming decades, according to the most comprehensive computer analysis 
done so far.”'** New York Times, September 30, 2004 

“From heat waves to storms to floods to fires to massive glacial melts, the global climate 
seems to be crashing around us.”'*’ TIME, March 26, 2006 


Claims : 

“At the same time, we must be very clear. Hurricane Sandy is a wake-up call for all 
Americans that we must act to reverse global warming. While scientists do not attribute 
this storm or any single weather disturbance to global warming, it is increasingly clear 
that global warming is fueling more extreme weather disturbances.”^** Senator Bernie 
Sanders, November 1, 2012 

“Heat waves, droughts, wildfires, and floods - all are now more frequent and intense.”^' 
President Obama, February 1 2, 20 1 3 

“The effects of climate change, driven by carbon pollution, hit Americans harder each 
year. Extreme weather events like hurricanes, wildfires and droughts are growing ever 
more frequent and severe.”''^ Senator Sheldon Whitehouse, June 19, 2013 

The Latest Science : 

Wildfires have not increased: 

“Historical analysis of wildfires around the world shows that since 1950 their numbers have 
decreased globally by 1 5%. Estimates published in the Proceedings of the National Academy of 
Sciences show that even with global warming proceeding uninterrupted, the level of wildfires 
will continue to decline until around midcentury and won't resume on the level of 1950 — the 
worst for fire — before the end of the century.”^ 


Dangers to Forests Seen From Warming, N.Y. TIMES, Aug. 17, 1993, hHp:.-Vwv\^v.nvtimes.conv^ 1993/08/1 7/science/dangers-io- 
forests-secn-rrom-vvai'iTiina.htmi . 

Andrew C. Revkin, Global Warming is Expected to Raise Hurricane Intensity, N.Y. Times. Sept. 30. 2004. 
http://wwAv.nvtinies.com/learning/student.s/pop/ai'tic!cs.'3{)hutTicane LN.html . 

Jeffrey Kluger, Earth at. the Tipping Point: Global Warming Heats Up, TIME, Mar, 26, 2006, 
http:/./\v\\~\v.tii'nc-com,/tiiric/ma<;a7ine/artic}e/0.9l7Li {76980.00.html . 

Press Release. Office of Sen. Bernie Sanders, Global Wanning and Hurricane Sandy (Nov, 1 . 20 1 2) 
htlD://www.sanders.senate.iiov/ne\vs!'ooin/'new.s/?id=ad66348n-d6cc-4d43-8241-c51'2bnaiy)33 . 

President Barack Obama, State of the Union Address (Feb. 12,2013), 

Sen. Sheldon Whitehouse, The Price of Ignoring Climate Change, Reuters, June 19, 2013. 

Bjorn Lomborg, Climate-Change Misdirection, Wall. Street J., Jan. 23, 2013, 
httD://online.wsi.com./article/SB 1000 1 424 1 27887323485704578258 1 72660S64886.htinl. 
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follows: 


Droughts have not increased: 

“The world has not seen a general increase in drought. A study published in Nature in November 
shows globally that ‘there has been little change in drought over the past 60 years.’ The U.N. 
Climate Panel in 2012 concluded: ‘Some regions of the world have experienced more intense 
and longer droughts, in particular in southern Europe and West Africa, but in some regions 
droughts have become less frequent, less intense, or shorter, for example, in central North 
America and northwestern Australia.’”''”' 

Averis^« Drought Conditions In the Contiguous 4S States, 1895 -2011 
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Heat waves have not increased: 

“The "Dust Bowl" years of 1 930-36 brought some of the hottest summers on record to the 
United States, especially across the Plains, Upper Midwest and Great Lake States, For the Upper 
Mississippi River Valley, the first few weeks of July 1936 provided the hottest temperatures of 
that period, including many all-time record highs. The string of hot, dry days was also deadly. 
Nationally, around 5000 deaths were associated with the heat wave. In La Crosse, Wl, there 
were 14 consecutive days (July 5th- 18th) where the high temperature was 90 degrees or greater, 
and 9 days that were at or above 100. Six record July temperatures set during this time still stand, 
including the hottest day on record with 108 on the l_4th. The average high temperature for La 
Crosse during this stretch of extreme heat was 101.”^^ 

U.S. Annual Heal Wavs Index, 1*95-2011 
1.4 



Hurricane activity has not increased: 

According to Dr. Bjorn Lomborg, Director of Copenhagen Consensus Center and Adjunct 
Professor at Copenhagen Business School, “As for one of the favorites of alarmism, hurricanes 
in recent years don't indicate that storms are getting worse. Measured by total energy 
(Accumulated Cyclone Energy), hurricane activity is at a low not encountered since the 1970s. 
The U.S. is currently experiencing the longest absence of severe landfall hurricanes in over a 
century — the last Category 3 or stronger storm was Wilma, more than seven years ago.”^* 

“While it's hardly mentioned in the media, the U.S. is currently in an extended and intense 
hurricane ‘drought.’”” 

The source of the following three graphs is Professor Roger Pielke, Jr., in his ,Iuly 18, 2013, 
testimony before the Senate EPW Committee: 


The Heanvave of July 1936, Nat'l Oceanic & Atmospheric Admin. Nat'l Weather Serv. Weather Forecast Office, 
http://vvvvw.crh.noaa-gov'/ar,\/evems/healwave36.phD . 

Bjorn Lomlxjrg. Climate-Change Misdirection, Wall STREET S., Jan. 23, 2013, 
httn:.//on}ine.vv.si.com/articlc/Sn 1 000 1 424 1 27887323485704578258 1 72660564886.htinl. 

Roger Pielke. Hurricanes and Human Choice. Wall STREET J., Oct. 31, 2012, 
http:/'/online.wsi.con>/articIe/SR1000M24052970204840504578089413659452702.html. 
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US Hurricane Landfails: 1300-2012 


Source: NOAA 



Number of landfalling U.S. hurricanes from 1900-2012. The red line shows the linear trend, exhibiting a decrease from about 2 to 
1.5 landfalls per year since 1900. Source: NOAA.'* 



Normalized U.S. hurricane damage 1900-2012, estimated total damage if each past hurricane season occurred with 
2012 levels of development. After Pielke et al. 2008.^’ Note that the figure includes “Siiperstorm” Sandy (2012) in 
gray and placeholders for the three other post-tropical cyclones of hurricanes which made landfall in 1904, 1924 and 
1925. 


• * Chronological List of All Hurricanes: 1851-2012, Nat'l Oceanic & Atmospheric Admin. Hurricane Research Div.. 
hilD://w\vw.aond.noaa.aQv/hrd.dmrdat/All U.S. Hurricanes.hlml. 

Roger A, Pielke, Jr. et al.. Normalized Hurricane Damages in the United States: 1 900-2005, 9( 1 ) Natural Hazards Rev. 29-42 
(2008). The data is updated to 2012 values using the ICAT Damage Estimator. ICAT Damage Estimator. 
hup:''.-\vw\v. icaldamaaeestinmtor.com. 
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Giobai tropica! cyclone (called hurricanes in the North Atlantic) landfalls, 1970-2012, after Weinkle et al. 2012.® 
Questions for Critical Thinking : 


1 . When we are unable to predict extreme weather events, and empirical evidence does not 
show that extreme weather events are increasing, why would some scientists/activists 
claim that extreme weather events are the product of human activity? 

2. Did extreme weather events begin with the advent of the internal combustion engine, or 
does historical and geological evidence exist indicating extreme weather events have 
been occurring for hundreds, thousands, or even millions of years? 

3. What is the level of confidence that extreme weather events won’t decrease in a warming 
climate? is there evidence that colder climates can be harsher? 


IV. CLIMATE REGULATION: WHAT IS IT REALLY ABOUT? 

"Jf you once forfeit the confidence ofi your fellow citizens, you can never regain their 
respect and esteem. It is true that you may fool all of the people some of the time; you can 
even fool some of the people all of the time; but you can't fool all of the people all of the 
time. " Abraham Lincoln, 16“' President of the United States*' 

The following is a list of claims made by key activists and political officials in the climate 
science community: 


® Jessica Weinkle et a!.. Historical Global Tropical Cyclone Landfalls, 25 J. Climate 4729*4735 (2012), available at 
httD:.7iournals.ametsoc.om.tcloi/ah.s/10.1 175/JCLl-P-i 1-00719.1 . 

President Abraham Lincoln. Speech at Clinton, IL (Sept. 8, 1854). 
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• Stephen Schneider, who authored The Genesis Strategy, a 1976 book warning that global 
cooling risks posed a threat to humanity, later changed that view 180 degrees when he 
served as a lead author for important parts of three sequential IPCC reports. In an article 
published in Discover, he said: “On the one hand, as scientists we are ethically bound to 
the scientific method, on the other hand, we are not just scientists, but human beings as 
well. And like most people, we’d like to see the world a better place, which in this 
context translates into our working to reduce the risk of potentially disastrous climatic 
change. To do that, we need to get some broad-based support, to capture the public’s 
imagination. That, of course, entails getting loads of media coverage. So we have to offer 
up scary scenarios, make simplified, dramatic statements, and make little mention of the 
doubts we might have. Each of us has to decide what the right balance is between being 
effective and being honest,’’® 

• In 1 988, the former Canadian Minister of the Environment told editors and reporters of 
the Calgary Herald, “No matter if the science of global warming is all phony. . .climate 
change [provides] the greatest opportunity to bring about justice and equality in the 


• Maurice Strong, who organized the first U.N. Earth Climate Summit (1992) in Rio de 
Janeiro, Brazil, expressed his true position on climate issues: “We may get to the point 
where the only way of saving the world will be for industrialized civilization to 
collapse.”*’^' 

• Former U.S. Senator Timothy Wirth (D-CO), and former U.S. Undersecretary of State for 
global issues, likely agreed with Maurice Strong at the same Rio Climate Summit when 
he stated: “We have got to ride the global warming issue. Even if the theory of global 
warming is wrong, we will be doing the right thing in terms of economic policy and 
environmental policy,”^’ 

• Also at the Rio conference. then-Deputy Assistant of State Richard Benedick, who 
headed the policy divisions of the U.S. State Department, stated: “A global warming 
treaty [such as the Kyoto Protocol] must be implemented even if there is no scientific 
evidence to back the [enhanced] greenhouse effect. 

• Speaking at the 2000 U.N. Conference on Climate Change in the Hague, former President 
Jacques Chirac of France explained why the IPCC’s climate initiative supported a key 
Western European Kyoto Protocol objective: “For the first time, humanity is instituting a 
genuine instrument of global governance, one that should find a place within the World 
Environmental Organization which France and the European Union would like to see 
established."® 

“ Stephen H. Schneider & Lynne E. Mesirow, The Genesis Strategy: Climate and Global Survival (1976). 

Larry Beil, Global Warming Alarmism: When Science IS Fiction,, FORBES. May 29. 2012. 

]ittp:.'7\v\v\v.forbcs.convsitcs.^latT\hcil/20l2/05/29/globa{-vvarming-ularmism-\\hcn-scioncc-is-fiction.''2/ . 

Larry Bell. Climate of Corruption: Politics and Power Behind the Global Warming Hq.ax 226 (20 1 1 ). 

Larry Bell. In Their Own Word.^: Climate Alarmists Debunk Their ‘Science FORBES. Feb. 5. 20 ! 3. 

http’/.'www forhcs.com/sitcs/iarrvbeli/2()13./()2/05.-'in»thcir-(twn-vvords-climate-alarmists-clchunk-lhcir-scicncc.' . 

Id 
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• On November 14, 2010, Ottmar Edenhofer, a U.N. IPCC Official, stated, "First of all, 
developed countries have basically expropriated the atmosphere of the world community. 
But one must say clearly that we redistribute de facto the world's wealth by climate 
policy. Obviously, the owners of coal and oil will not be enthusiastic about this. One has 
to free oneself from the illusion that international climate policy is environmental policy. 
This has almost nothing to do with environmental policy anymore....”*’* 

Just something to ponder : 

• As Greenpeace co-founder Patrick Moore observed on Fox Business News in January 
2011, “We do not have any scientific proof that we are the cause of the global warming 
that has occurred in the last 200 years. ...The alarmism is driving us through scare tactics 
to adopt energy policies that are going to create a huge amount of energy poverty among 
the poor people. It’s not good for people and it’s not good for the environment.... In a 
warmer world we can produce more food.”** 

• “The World Bank board of directors could today endorse a sweeping new energy policy 
that for the first time restricts financing for new coal plants in poor countries, bank 
officials confirmed.” Lisa Friedman, E&E reporter, July 16, 2013™ 


V. THE SCIENCE IS SETTLED: THE GOVERNMENT CAN’T CONTROL 
CLIMATE 

“Any physical theory is always provisional, in the sense that it is only a hypothesis: you 
can never prove it. No matter how many times the results of experiments agree with 
some theory, you can never be .sure that the next time the result will not contradict the 
theory. On the other hand, you can disprove a theory’ by finding even a single 
observation that disagrees with the predictions of the theory: ’’ Stephen Hawking, English 
theoretical physicist, cosmologist, author and Director of Research at the Centre for 
Theoretical Cosmology within the University of Cambridge^' 

Claim : 

“Humanity is sitting on a time bomb. If the vast majority of the world's scientists are right, we 
have Just ten years to avert a major catastrophe that could send our entire planet's climate system 
into a tail-spin of epic destruction involving extreme weather, floods, droughts, epidemics and 
killer heat waves beyond anything we have ever experienced — a catastrophe of our own 
making.” Al Gore’^ 


The Science is Settled: U.N. Official Admits Climate Policy is About Wealth Redistribution and Not Global Warming. Motor 
City Times, Nov. 18. 2010. 

Larry Bell. In Their Oirn Words: Climate Alarmists Debunk Their ‘Science Forbes, Feb. 5. 20 1 3. 
httD://\vvv\v.forbes.coin/sites/iarrvbcll./2013/02/05/in-{helr»o\vn»words-c!ima(c-aiarniists-deburik-their-sclence/ . 

Lisa Friedman, World Bank Approves Landmark Coal Restrictions, E & EPubl’G, July 17, 2013. 

Stephen Hawking, A Brief History of Time: From the Big BangtoBl.ack Holes 10 (1988). 

Documentary. An Inconvenient Truth (2006). 
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Can our government and the U.N. control these factors : 

• Solar Radiation : “Variations in the amount of solar radiation reaching the Earth are 
thought to influence climate, but the extent of this influence on timescales of millennia to 
decades is unclear. A number of climate records show correlations between solar cycles 
and climate, but the absolute changes in solar intensity over the range of decades to 
millennia are small and the influence of solar flux on climate is not well established.”” 

• Cosmic Ravs : “The second type of mechanisms is indirect, through the solar modulation 
of the cosmic ray flux and the effect that the latter may have on the climate. Cosmic rays 
are high energy particles (primarily protons) which appear to originate from supernova 
remnants (the leftovers from the explosive death of massive stars). A possible climatic 
link through cosmic rays was first suggested by Edward Ney already in 1959. It was well 
known that the solar wind decreases the flux of these high energy particles and that these 
particles are the primary source of ionization in the troposphere (which is the lower part 
of the atmosphere). Ney proposed that the changing levels of ionization can play some 
climatic role.”” 

• Siipernovae : “The hypothesis that a high OCR flux should coincide with cold conditions 
on the Earth is borne out by comparing the general geological record of climate over the 
past 510 million years with the fluctuating local SN rates. Surprisingly a simple 
combination of tectonics (long-term changes in sea level) and astrophysical activity (SN 
rates) largely accounts for the observed variations in marine biodiversity over the past 
510 Myr.”” 

• Ocean Currents : “Understanding the processes that drive sea-ice formation and 
advancement can help scientists predict the future extent of Arctic ice coverage — an 
essential factor in detecting climate fluctuations and change. But existing models vary in 
their predictions for how sea ice will evolve."” 

Summary Thought : 

• Given the dynamic nature of our climate and the factors well outside of human control 
(many of which are not listed above), including lack of technology to govern these 
factors, is it possible to control and stop climate change through government regulations? 


U. Neff, et a!.. Strong Coherence between Solar Variability and the Monsoon in Oman between 9 and 6 kyrago. 411 Na tlirh 
.1,290-293 (2001). 

Nir Shaviv. 20th Century Global Warming "There is Nothing New Under the Sun". Racah Inst, of Physics. Hebrew Univ. of 
Jerusalem {.lune 20 1 0). available at htln://www.sciencebits.com/'NQthingNewUmler rheSi!n-[ . 

Henrik Svensmark. Evidence of Nearby Supernovae Affecting Life on Earth. 423 Monthly NOTICLS Of Roy.al Astronomical 
Soc'Y 1234-1253 (Apr. 2012). 

Jennifer Chu. Ocean Currents Play a Pole in Predicting Extent of Arctic Sea Ice. Mass. Inst, of Tech, News. Nov. 21. 2012. 
httD:/,''\\eb.niil.echLne\\.sofllce.’'2012./ocean-currenls-and-sea-ice-l 121.html . 
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VI. SUMMARY; POINTS ON U.S. UNILATERAL REGULATION 

• On December 7, 2009, the EPA expanded its regulation over air quality through an 
endangerment finding, determining that GHGs hann public health. This has become a 
cornerstone of the Obama Administration's regulatory agenda. 

• However, EPA’s Inspector General released a report in September 2011, “Procedural 
Review of EPA’s Greenhouse Gases Endangerment Finding Data Quality Processes,” 
revealing that the scientific assessment underpinning the EPA’s endangerment finding for 
GHGs was inadequate and in violation of the Agency’s own peer review procedures. 

• According to the EPA’s own website, total GHG emissions have only risen 1% in the 
U.S. since 2005,’* while levels in China, India, and Russia have combined to rise more 
than 6%.’’’ China is responsible for two-thirds of that number. 

• China has surpassed the United States as the world’s largest producer of CO 2 . They 
emit more CO 2 than the U.S. and Canada combined, and India is now the world's third 
biggest emitter of CO 2 - pushing Russia into fourth place. Simultaneously, U.S. CO 2 
levels have been steadily declining.*' 

• According to a recent report from the World Resources Institute, there are plans to build 
nearly 1,200 coal-fired power plants in 59 different countries, totaling over 1.4 million 
megawatts. China and India alone account for 76 % of the proposals.*’ China now burns 
more coal than all countries combined, and India will surpass the United States as the 
world’s second-largest consumer of coal by 2017. *’ 

• Future emissions will come overwhelmingly from the developing world, and the most 
significant emitters (China, India, and Russia) do not ascribe to international GHG 
reduction agreements. Regardless, the Obama Administration maintains that it is in our 
best interest to regulate CO? domestically. 

• Senator .loe Manchin (D-WV) had this to say about EPA’s approach to climate and 
energy: "You know my concerns about the EPA not having an all-in energy policy. If 
we're talking about climate change and we're talking about the world consuming 8 billion 


Envtl. Prot. Agency, Office of Inspector Gen., Report No. 1 1 -P-0702, Procedural Review of EPA's Greenhouse 
G.ases Endangerment Finding Data Qi iai ity Processes (20 1 n. amilahle at httD:/.'\vA'\v,ena.gov/»ig/reporls.'20 1 1/20 1 1 0920- 
1 l-P-()702.ixlf. 

” Global Greenhouse Gas Emissions Data. U.S. Envtl. Prot. Agency. 

htfpi/'/www.ena.Rov/cjiniatechanec/Rhgcmissions/global.html. 

Canada 's Emissions Trends. EnvT Canada (2011) hltD:.V\vt\Av.ec.gc.ca/dtKVnuhiicaUons/cc/COM1374/ec-coml374-en-es.hti ti. 
World Carbon Dioxide Emissions Data by Coimtry: China Speeds Ahead of Ihe Rest. The Guardian D.ATA Blog. 
htto:/..’\VYvvv.Fiiardi.an.co.iik/ncvvs/datahioa/201 l/jan/.31.Av-orld-carbon-dioxidc-cmis5ion5-countrt’-data-co2. 

*' Id. 

Ailun Yang & Yiyun Ciii, Global Coal Risk Assessment: Data Analysis and Market Research. (World Res. Inst.. Working 
Paper, Nov, 2012), available at lilti-i:/7ndf. vvri.org/elobal coal risk assessmenl.pdf . 

Brad Piunier, China Now Burning as much Coal as Ihe Rest of Ihe World, WASH. POST, (Jan. 29, 201 3), 

httD://\vww-Vva,sh{nglonrx>sl.eotn/blog.s/vvonkblog/vvtv‘2013/01/2Wchina-is-biirning-nearK'-as-mueh-coa!-as-the-resC-ot-the-world- 

combined/ . 
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tons of coal and the United States of America consuming less than 1 billion tons of coal, 
whaf s their proposal for cleaning up the environment on a global market?"*'* 

• Even former EPA Administrator Lisa Jackson confirms that only having the United 
States regulate carbon will not have any impact on worldwide carbon levels. She testified 
at the July 7, 2009, EPW hearing. “Moving America toward a Clean Energy Economy 
and Reducing Global Warming Pollution: Legislative Tools,” “I believe the central parts 
of the [EPA] chart are that U.S. action alone will not impact world COs levels.”** 

• Regardless of her admission, EPA perseveres in moving forward with regulations 
targeting GHG emissions while justifying these rules as being beneficial to the economy, 
as well as public health and welfare. However, in February 2013, the U.S. Chamber of 
Commerce released a study examining dozens of air pollution rules dating from the 

1 990s. It reveals flawed analyses that do not take into account economy-wide impacts or 
negative impacts of the rules, raising significant concerns with the underlying economic 
modeling EPA utilizes.*** 

• President Obama’s “green jobs” movement represents the epitome of failed government 
based on the false belief that U.S action alone is sound policy. Estimates from the 
National Renewable Energy Laboratory show that the government spent about $9 billion 
on green jobs and created just 910 new, long-term jobs. This means taxpayers spent $9.8 
million per job.*’ 

• The EU Emissions Trading Scheme (ETS) has cost their consumers $287 billion for 
"almost zero impact" on cutting carbon emissions, according to a 201 1 UBS study. *® 

• Imposing a carbon tax on corporations and private business, which ultimately impacts 
consumers, is no wiser than unilateral regulation. In November 2012, the Congressional 
Budget Office released a study noting a carbon tax would “impose a larger burden, 
relative to income, on low-income households than on high-income households.”*^ 
Furthermore, there exists zero evidence that carbon trading schemes in the EU, much less 
the United States, are having any impact on climate nor are they resulting in positive 
economic impacts or job creation in those regions, 

• In late February 2013. the National Association of Manufacturers (NAM) released a 
study demon.strating the devastating effects a carbon tax would have on the economy, 


.lason Fiautz. Former McCarthy Skeptic Signals 2n(i~roiind Bailie over Nominalion. Eny't & Energy D.yily, March 5. 2013, 
htiD://\v\vvv.egnevv?'-ne{/EHDailv7'201.7/03/05.-~'l- 

Hearing before the S. Comm, on Env't & Public Works, 1 1 1th Cong. (2009) (statement of Lisa Jackson, former EPA 
Administrator). 

See generally iMP.ACis OF Regul.atjons on Employ.ment; EXAMINING EPA's Oft-Repeated Claims that Regulations 
Cre.ate Jobs, U.S. Chamber of Commerce (Feb. IQXZ), available at 

htin:/.ov\v\v.u,schambcr.com/sitcs.-'dctaiilt''fi]cs/rcports/'020360 ETRA Bricllng NERA Study final.pdf . 

''' David Horowitz & Jacob Laksin, Obama 's Green Jobs Bust, The Daily C.aller, July 10, 2012, 
hltn:.//dailvcalier.coni.'2{)i2,-'07./10/obama.s-green-iobs-busl--'. 

Sid Maher. Europe 's $287hn Carbon 'Waste U/JS /?e/7orL THE AUSTR.ALIAN. Nov. 23, 2011, 
htt p:.7'wvvw.thcauslralian.com.au.'nationa]-affairs/curopes»287bn-carbon-wastc-uhs-re{)orLstorv-fn59nii.K«1226203068972. 

* ' Terry Dinan, Ojfsetting a Carbon Tax s Costs on Low-Income Households (Cong. Budget Office, Working Paper No. 1 6. 
2012), available a( htlD://\vww.cbo.aov/sites/defauk/niei>/cbofi1es.7atlachments.H l-{3Lo\vIncoirieOptions.ndf. 
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including manufacturing output falling up to 15 percent, millions of jobs lost, and 
approximately a $1 trillion reduction in economic growth.^" Unilateral regulatory action 
by the EPA is set to similarly undermine our national economy. 

"The energy of the mind is the essence of life. Aristotle, Greek philosopher and polymath, a 

student of Plato and teacher of Alexander the Great 


Economic Outcome of a U.S. Carbon T..\x, NERA Economic Consulting (Feb, 26. 2013) 
http://\vww.nam.org/--.'’mcdja-64FDD87B13C44C3l:8E:95CX^805t:4Ii5952.a?ih.\?utm source^^nam&utm mediiim-alias&utm ca 
mDaign~-Carbonidxd-Full-t- Report. 

See The Power of the Mind: Quotes to Get You Thinking, PSYCHOLOGY Today (Jan. 4, 20 1 2) 

http://'vv\vAV-nsvchoiogvtodav.com/bloa.>'high-octane-uomca/20l20l.'thc-POVvcr-thc-mind-quotcs-gel-voii-thinking . 
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Drought and Global Climate Change: An Analysis of Statements by Roger Pielke Jr 

John P. Holdren, 28 February 2014 

Introduction 


In the question and answer period following my February 25 testimony on the Administration’s 
Climate Action Plan before the Oversight Subcommittee of the U.S. Senate’s Committee on 
Environment and Public Works, Senator Jeff Sessions (R-AL) suggested that 1 had misled the 
American people with comments 1 made to reporters on February 1 3, linking recent severe 
droughts in the American West to global climate change. To support this proposition, Senator 
Sessions quoted from testimony before the Environment and Public Works Committee the 
previous July by Dr. Roger Pielke, Jr., a University of Colorado political scientist. Specifically, 
the Senator read the following passages from Dr. Pielke’s written testimony: 

It is misleading, and just plain incorrect, to claim that disasters as.sociated with hurricanes, 
tornadoes, Jloods or droughts have increased on climate timescales either in the United 
States or globally. 

Drought has “ for the most part, become shorter, less, frequent, and cover a smaller portion 
of the U.S. over the last century". Globally, “there has been little change in drought over 
the past 60 years. ” 

Footnotes in the testimony attribute the two statements in quotation marks within the second 
passage to the US Climate Change Science Program’s 2008 report on extremes in North America 
and a 2012 paper by Sheffield el al. in the journal Nature , respectively. 

I replied that the indicated comments by Dr. Pielke, and similar ones attributed by Senator 
Sessions to Dr. Roy Spencer of the University of Alabama, were not representative of main- 
stream views on this topic in the climate-science community; and 1 promised to provide for the 
record a more complete response with relevant scientific references. 

Dr. Pielke also commented directly, in a number of tweets on February 14 and thereafter, on my 
February 13 statements to reporters about the California drought, and he elaborated on the tweets 
for a blog post on The Daily Caller site (also on February 14). In what follows, I will address the 
relevant statements in those venues, as well. He argued there, specifically, that my statements on 
drought “directly contradicted scientific reports”, and in support of that assertion, he offered the 
same statements from his July testimony that were quoted by Senator Sessions (see above). He 
also added this: 

The United Nations Intergovernmental Panel on Climate Change found that there is “not 
enough evidence at present to suggest more than low confidence in a global-scale observed 
trend in drought. ” 

In the rest of this response, I will show, first, that the indicated quote from the US Climate 
Change Science Program (CCSP) about U.S. droughts is missing a crucial adjacent sentence in 
the CCSP report, which supports my position about drought in the American West. I will also 
show that Dr. Pielkc’s statements about global drought trends, while irrelevant to my comments 
about drought in California and the Colorado River Basin, are seriously misleading, as well, 
concerning what is actually in the UN Panel’s latest report and what is in the current scientific 
literature. 
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Drought trends in the American West 

My comments to reporters on February 13, to which Dr. Pielke referred in his February 14 tweet 
and to which Senator Sessions referred in the February 25 hearing, were provided just ahead of 
President Obama’s visit to the drought-stricken California Central Valley and were explicitly 
about the drought situation in California and elsewhere in the West. 

That being so, any reference to the CCSP 2008 report in this context should include not just the 
sentence highlighted in Dr. Pielke’s testimony but also the sentence that follows immediately in 
the relevant passage from that document and which relates specifically to the American West. 
Here are the two sentences in their entirety thttp://downloads. globalchange.gov/sap/sap3- 
3/Bi-ochiire-CCSP-3-3.pdf ): 


Similarly, long-term trends (1925-2003) of hydrologic droughts based on model derived soil 
moisture and runoff show that droughts have, for the most part, become shorter, le.ss 
frequent, and cover a smaller portion of the U.S. over the last century (Andreadis and 
Lettenmaier, 2006). The main exception is the Southwe.st and parts of the interior of the 
West, where increased temperature has led to rising drought trends (Groisman et at., 2004; 
Andreadis and Lettenmaier, 2006). 

Linking Drought to Climate Change 

In my recent comments about observed and projected increases in drought in the American West, 
1 mentioned four relatively well understood mechanisms by which climate change can play a role 
in drought. (I have always been careful to note that, scientifically, we cannot say that climate 
change caused a particular drought, but only that it is expected to increase the frequency, 
intensity , and duration of drought in some regions — and that such changes are being observed.) 

The four mechanisms are: 

1 . In a warming world, a larger fraction of total precipitation falls in downpours, which means a 
larger fraction is lost to storm runoff (as opposed to being absorbed in soil). 

2. In mountain regions that are warming, as most are, a larger fraction of precipitation falls as 
rain rather than as snow, which means lower stream flows in spring and summer. 

3. What snowpack there is melts earlier in a warming world, further reducing flows later in the 
year. 

4. Where temperatures are higher, losses of water from soil and reservoirs due to evaporation 
are likewise higher than they would otherwise be. 

Regarding the first mechanism, the 2013 report of the IPCC’s Working Group I, The Science 
Basis ( http://www.climatechange20 1 3.org/images/report/WG I AR5 TS FINAL.pdf . p 110), 
deems it “likely” (probability greater than 66%) that an increase in heavy precipitation events is 
already detectable in observational records since 1950 for more land areas than not, and that 
further changes in this direction are “likely over many land areas” in the early 2D’ century and 
“very likely over most of the mid-latitude land masses” by the late 2D' century The second, 
third, and fourth mechanisms reflect elementary physics and are hardly subject to dispute (but 
see also additional references provided at the end of this comment). 

As I have also noted in recent public comments, additional mechanisms have been identified by 
which changes in atmospheric circulation patterns that may be a result of global warming could 
be affecting droughts in the American West. There are some measurements and some analyses 
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suggesting that these mechanisms are operating, but the evidence is less than conclusive, and 
some respectable analysts attribute the indicated circulation changes to natural variability. The 
uncertainty about these mechanisms should not be allowed to become a distraction obscuring the 
more robust understandings about climate change and regional drought summarized above. 

Global Drought Patterns 

Drought is by nature a regional phenomenon. In a world that is warming on the average, there 
will be more evaporation and therefore more precipitation; that is, a warming world will also get 
wetter, on the average. In speaking of global trends in drought, then, the meaningful questions 
are (a) whether the frequency, intensity, and duration of droughts are changing in most or all of 
the regions historically prone to drought and (b) whether the total area prone to drought is 
changing. 

Any careful reading of the 2013 IPCC report and other recent scientific literature about on the 
subject reveals that droughts have been worsening in some regions in recent decades while 
lessening in other regions, and that the IPCC’s “low confidence” about a global trend relates 
mainly to the question of total area prone to drought and a lack of sufficient measurements to 
settle it. Here is the key passage from the Technical Summary from IPCC WGI’s 2013 report 
( http://www.climatechanae20 1 3.org/images/report/WG 1 ARS TS FlNAL.pdf . p 112): 

Compelling arguments both for and against significant increases in the land area affected 
by drought and/or dryness since the mid-20th century have resulted in a low confidence 
assessment of observed and attributable large-scale trends. This is due primarily to a lack 
and quality of direct observations, dependencies of inferred trends on the index choice, 
geographical inconsistencies in the trends and difficulties in distinguishing decadal scale 
variability from long term trends. 

The table that accompanies the above passage from the IPCC’s report — captioned “Extreme 
weather and climate events: global-scale assessment of recent observed changes, human 
contribution to the changes, and projected further changes for the early (20 1 6-2035) and late 
(2081-2100) 2f century” — has the following entries for “Increases in intensity and/or duration 
of drought”: under changes observed since 1950, “low confidence on a global scale, likely 
changes in some regions” [emphasis added]; and under projected changes for the late 21®' 
century, “likely (medium confidence) on a regional to global scale". 

Dr. Pielke’s citation of a 201 2 paper from Nature by Sheffield et al.. entitled “Little change in 
global drought over the past 60 years”, is likewise misleading. That paper’s abstract begins as 
follows: 

Drought is expected to increase in frequency and severity in the future as a re.sult of 
climate change, mainly as a consequence of decreases in regional precipitation hut also 
because of increasing evaporation driven by global warming''^. Previous assessments of 
historic changes in drought over the late twentieth and early twenty-first centuries 
indicate that this may already be happening globally. In particular, calculations of the 
Palmer Drought Severity Index (PDSI) show a decrease in moisture globally since the 
1970s with a commensurate increase in the area of drought that is attributed, in part, to 
global warming'''^. 
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The paper goes on to argue that the PDSI, which has been relied upon for drought characteriza- 
tion since the !960s, is too simple a measure and may (the authors’ word) have led to over- 
estimation of global drought trends in previous climate-change assessments — including the 
IPCC’s previous (2007) assessment, which found that “More intense and longer droughts have 
been observed over wider areas since the 1970s, particularly in the tropics and subtropics.” 

The authors argue for use of a more complex index of drought, which, however, requires more 
data and more sophisticated models to apply. Their application of it with the available data 
show's a smaller global drought trend than calculated using the usual PDSI, but they conclude 
that better data are needed. The conclusion of the Sheffield et al. paper has proven controversial, 
w'ith some critics pointing to the inadequacy of existing observations to support the more 
complex index and others arguing that a more rigorous application of the new approach leads to 
results similar to those previously obtained using the PDSI. 

A measure of the differences of view on the topic is available in a paper entitled “Increasing 
drought under global warming in observations and models”, published in Nature Climate Change 
at about the same time as Sheffield et al. by a leading drought expert at the National Center for 
Climate Research, Dr. Aiguo Dai. Dr. Dai’s abstract begins and ends as follows: 

Historical records of precipitation, sireamflow, and drought indices all show increased 
aridity since 1950 over many land areas'". Analyses of model-simulated soil moisture^' 
drought indices''^'^, and precipitation minus evaporation' suggest increased risk of 
drought in the twenty-first century. ... / conclude that the observed global aridity 
changes up to 2010 are consistent with model predictions, which suggest severe and 
widespread droughts in the next 30-90 years over many land areas resulting from either 
decreased precipitation and/or increased evaporation. 

The disagreement between the Sheffield et al. and Dai camps appears to have been responsible 
for the IPCC’s downgrading to “low confidence”, in its 2013 report, the assessment of an upward 
trend in global drought in its 2007 Fourth Assessment and its 2012 Special Report on Extreme 
Events f http://www.ipcc-w'i>2.i:ov7SREX/ ) . 


Interestingly, a number of senior parties to the debate — including Drs. Sheffield and Dai — have 
recently collaborated on a co-authored paper, published in the January 2014 issue of Nature 
Climate Change, entitled “Global warming and changes in droughf’. In this new paper, the 
authors identify the reasons for their previous disagreements; agree on the need for additional 
data to better separate natural variability from human-caused trends; and agree on the follow'ing 
closing paragraph (quoted here in full): 

Changes in the global water cycle in response to the warming over the twenty-first century 
will not be uniform. The contrast in precipitation between wet and dry regions and between 
wet and dry seasons will probably increase, although there may be regional exceptions. 
Climate change is adding heat to the climate system and on land much of that heat goes into 
drying. A natural drought .should therefore set in quicker, become more intense, and may 
last longer. Droughts may be more extensive as a result. Indeed, human-induced warming 
effects accumulate on land during periods of drought because the ‘air conditioning effects ' 
of water are absent. Climate change may not manufacture droughts, but it could exacerbate 
them and it will probably expand their domain in the subtropical dry zone. 
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Additional References (with particularly relevant direct quotes in italics) 

Christopher R. Schwalm et al.. Reduction of carbon uptake during turn of the century drought in 
western North America, Nature Geoscience, vol. 5, August 2012, pp 551-556. 

The severity and incidence of climatic extremes, including drought, have increased as a 
result of climate warming. ... The turn of the century drought in western North America was 
the most severe drought over the past 800 years, significantly reducing the modest carbon 
sink normally present in this region. Projections indicate that drought events of this length 
and severity will be commonplace through the end of the twenty-first century. 

Gregory T. Pederson et al.. The unusual nature of recent snowpack declines in the North 
American Cordillera, Science , vol. 333, 15 July 201 1, pp 332-335. 

Over the past millennium, late 20''' century snowpack reductions are almost unprecedented 
in magnitude across the northern Rocky Mountains and in their north-south synchrony 
across the cordillera. Both the snowpack declines and their synchrony result from 
unparalleled springtime warming that is due to positive reinforcement of the anthropogenic 
warming by decadal variability. The increasing role of warming on large-scale snowpack 
variability and trends foreshadows fundamental impacts on streamflow and water supplies 
across the western United States. 

Gregory T. Pederson et al.. Regional patterns and proximal causes of the recent snowpack 
decline in the Rocky Mountains, US, Geophysical Research Letters , vol. 40. 16 May 2013, pp 
1811-1816. 

The post-1980 synchronous snow decline reduced snow cover at low to middle elevations by 
-20% and partly explains earlier and reduced streamflow and both longer and more active 
fire seasons. Climatologies of Rocky Mountain snowpack are shown to he seasonally and 
regionally complex, with Pacific decadal variability positively reinforcing the 
anthropogenic warming trend. 

Michael Wehner et al., Projections of future drought in the continental United States and 
Mexico. Journal of Hydrometeorology , vol. 12, December 201 1, pp 1359-1377. 

All models, regardless of their ability to simulate the base-period drought statistics, project 
significant future increases in drought frequency, severity, and extent over the course of the 
2f' century under the SRES A IB emissions scenario. Using all 19 models, the average state 
in the last decade of the twenty-first century is projected under the SRES Al B forcing 
scenario to he conditions currently considered severe drought (PDSI<-3) over much of the 
continental United States and extreme drought (PDSI<-4) over much of Mexico. 

D. R. Cayan et al.. Future dryness in the southwest US and the hydrology of the early 2U‘ 
century drought, Proceedings of the National Academy of Sciences , vol. 107, December 14, 
2010. pp 21271-21276. 

Although the recent drought may have significant contributions from natural variability, 
it is notable that hydrological changes in the region over the last 50 years cannot be fully 
explained by natural variability, and instead show the signature of anthropogenic climate 
change. 
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E. P. Maurer et al. Detection, attribution, and sensitivity of trends toward earlier streamflow in 
the Sierra Nevada, Journal of Geophysical Research , vol. 1 12, 2007, doi: 10. 1029/2006JD08088. 

The warming experienced in recent decades has caused measurable shifts toward earlier 
streamflow timing in California. Under future warming, further shifts in streamflow timing 
are projected for the rivers draining the western Sierra Nevada, including the four 
considered in this study. These shifts and their projected increases through the end of the 
21st century will have dramatic impacts on California 's managed water system. 

H. G. Hidalgo et al.. Detection and attribution of streamflow timing changes to climate change in 
the western United States, Journal of Climate , vol. 22, issue 13, 2009, pp 3838-3855, doi: 
10.1175/2009JCL12740.1. 

The advance in .streamflow timing in the western United States appears to arise, to .some 
measure, from anthropogenic warming. Thus the observed changes appear to he the early 
phase of changes expected under climate change. This finding presages grave consequences 
for the water .supply, water management, and ecology of the region. In particular, more 
winter and .spring flooding and drier summers are expected as well as less winter snow 
(more rain) and earlier .snowmelt. 
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opinion & comment 


Overestimated global warming 
over the past 20 years 

John C. Fyfe, Nathan P, Giltett and Francis W. Zwiers 

Recent observed global warming is significantly less than that simulated by climate models. This 
difference might be explained by some combination of errors in external forcing, model response and 
internal climate variability. 




Change in temperature 
{*C per decade) 


Change in temperature 
(®C per decade) 


Figure! I Trends in global mean surface temperature, a, 1993-2012. b, 1998-2012, Histograms of 
observed trends (red hatching) are from 100 reconstructions of the HadCRUT4 dataset'. Histograms 
of model trends (grey bars) are based on 117 simulations of the models, and black curves are smoothed 
versions of the model trends. The ranges of observed trends reflect observational uncertainty, whereas 
the ranges of model trends reflect forcing uncertainty, as well as differences in individual model responses 
to external forcings and uncertainty arising from interna! climate variability. 


lobal mean surface temperature 

b over the past 20 years (1993-2012) 
rose at a rate of 0, 14 ± 0.06 "C 
per decade (95% confidence interval)', 
lliis rate of warming is significantly 
slower than that simulated by the climate 
models participating in Phase 5 of 
the Coupled Model Intercomparison 
Project (CMIPS). To illustrate this, 
we considered trends in global mean 
surface temperature computed from 117 
simulations of the climate by .37 CMIPS 
models {see Suppienjcntary Information). 
These models generally simulate natural 
variability — including that associated 
with the El Nifto-Southern Oscillation 
and explosive volcanic eruptions — as 
well as estimate the combined response 
of climate to changes in greenhouse gas 
concentrations, aerosol abundance (of 
sulphate, black carbon and organic carbon, 
for example), ozone concentrations 
(tropospheric and stratospheric), land 
use (for example, deforestation) and 
solar variability. By averaging simulated 
temperatures only at locations where 
corresponding observations exist, we find 
an average simulated rise in global mean 
surface temperature of 0.30 ± 0.02 X 
per decade (using 95% confidence 
intervals on the model average). The 
observed rate of warming given above is 
less than half of this simulated rate, and 
only a few simulations provide warming 
trends within the range of observational 
uncertainty (Fig, la), 

'ihc inconsistency between observed 
and simulated global warming is even more 
striking for temperature trends computed 
over the past fifteen years (1998-2012). 

For this period, the observed trend of 
0.05 ± 0,08 °C per decade i.s more than four 
times smaller than the average simulated 
trend of 0,21 ± 0,03 °C per decade (Fig. lb). 
It is worth noting that the observed trend 
over this period — not significantly 


different from zero — suggests a temporary 
‘hiatus’ in global warming‘'\ The 
divergence between observed and CMIP5- 
simulated global warming begins in the 
early 1990s, as can be seen when comparing 
observed and simulated running trends 
from 1970-2012 (Fig. 2a and 2b for 20-year 
and 15-year running trends, respectively). 

’Ihe evidence, therefore, indicates that 
the current generation of climate models 
(when run as a group, with the CMIPS 
prescribed forcings) do not reproduce 
the observed global warming over the 
past 20 years, or the slowdown in global 
warming over the past fifteen years. TTiis 
interpretation is supported by statistical 
tests of the null hypothesis that the 
observed and model mean trends are equal. 


assuming that either: (1) the models are 
exchangeable with each other (that is, the 
'truth plus error’ view); or (2) the models 
are exchangeable with each other and 
with the observations (see Supplementary 
Information). Differences between 
observed and simulated 20-year trends 
have p values (Supplementary information) 
that drop to close to zero by 1993-2012 
under assumption (1) and to 0.04 under 
assumption {2} (Fig. 2c). Here we note 
that the smaller the p value is, the stronger 
the evidence against the null hypothesis. 

On this basis, the rarity of the 1993-2012 
trend difference under assumption (1) is 
obvious. Under assumption (2), this implies 
that such an inconsistency is only expected 
to occur by chance once in 500 years, if 
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Figuft! 2 ! Global mean surface femperature trends and p values, a.b, 20-year (a) and 15-year (b) running 
trends. Black curves are ensemble-averaged trends over the 37 sets of model simulations. Dark-grey 
shading indicates the 2.5-97,5% ranges of the simulated estimates. Light-grey shading shows the 95% 
uncertainty ranges of the ensemble means, derived by dividing the 2.5-97.5% ranges by the square root 
of the number of models. Red curves are the observed trends averaged over 100 realizations and the 
horizontal red lines show the observed 1900-2012 trends averaged over 100 realizations. Slack cross- 
hatchings are the 95% uncertainty ranges for simulated 1900-2012 er>semble mean trends. Note that the 
observed and simulated long-term trends are very similar to one another, and are smaller than the short- 
term trends. c,d, 20-year (e) and 15-year (d) p values on trend differences between the simulations and 
observations for assumption (1) (purple curves), or assumption (2) (green curves). The horizontal dashed 
tines indicate the threshold below which we reject the null hypothesis. 
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Figure 3 | Trends in global mean surface temperature and in associated natural and residual time series, 
a, 1993-2012. b, 1998-2012. The 2,5-97.5% ranges for observed estimates are shown by the red boxes. 
The 2.5-97.5% ranges for simulated estimates are represented by the open black boxes, with the 95% 
ranges on ensemble mean trends indicaterd by grey shading. The estimated natural signals shown are 
associated with the El Niflo-Southern Oscillation (ENSO), dynamically induced atmospheric variability 
(cold ocean-warm Earth; COWL) and major explosive volcanic eruptions (Volcano). Trends in global 
mean surface temperature without these estimated natural signals are shown at the bottom (Residual). 


20-year periods are considered statistically 
independent. Similar results apply to trends 
for 1998-2012 (1-ig. 2d). In conclusion, we 
reject the null hypothesis that the observed 


and model mean trends are equal at 
the 10% level. 

One possible explanation for the 
discrepancy is that forced and internal 


variation might combine differently in 
observations than in models. For example, 
the forced trends in models are modulated 
up and down by simulated sequences of 
ENSO events, which are not expected to 
coincide with the observed sequence of 
such events. For this reason the moderating 
inlluence on global warming that arises 
from the decay of the 1998 El Nino event 
does not occur in the models at that 
time. Titus we employ here an established 
technique to estimate the impact of 
ENSO on global mean temperature, and 
to incorporate the effects of dynamically 
induced atmospheric variability and major 
explosive volcanic eruptions-’^ Although 
these three natural variations account 
for some differences between simulated 
and observed global warming, these 
differences do not substantively change our 
conclusion that ob.served and simulated 
global warming are not in agreement over 
the past two decades {Fig. 3). Another 
source of internal climate variability that 
may contribute to the inconsistency is 
the Atlantic multidecadal oscillation' 
(AMO). However, this is difficult to a.ssess 
as the observed and simulated variations 
in global temperature that are associated 
with the AMO seem to be dominated by a 
large and concurrent signal of presumed 
anthropogenic origin (Supplementary 
Fig. SI), It Ls worth noting that in any case 
the AMO has not driven cooling over the 
past 20 years. 

Another possible driver of the diflerence 
between observed and simulated global 
warming is increasing stratospheric 
aerosol concentrations. Results from 
several independent datasets show that 
stratospheric aerosol abundance has 
increased since the late 1990$, owing to 
a series of comparatively small tropica) 
volcanic eruptions'*. Although none of the 
CMiP5 simulations take this into account, 
two independent sets of model simulations 
estimate that increasing stratospheric 
aerosols have had a surface cooling impact 
of about 0.07 °(2 per decade since 1998'*■^ 

If the CMIP5 models had accounted for 
increa.sing stratospheric aerosol, and had 
responded with the same surface cooling 
impact, the simulations and observations 
would be in closer agreement. Other factors 
that contribute to the discrepancy could 
include a missing decrease in stratospheric 
water vapour'" (whose processes are 
not well represented in current climate 
models), errors in aerosol forcing in the 
CMIP5 models, a bias in the prescribed 
solar irradiance trend, the possibility that 
the transient climate sensitivity of the 
CM1P5 models could be on average too 
high” '- or a possible unusual episode of 
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opinion & comment 


internal climate variability not considered 
above' '”. Ultimately the causes of this 
inconsistency will only be understood after 
careful comparison of simulated internal 
climate variability and climate model forcings 
with observations from the past two decades, 
and by waiting to see how global temperature 
responds over the coming decades. i“l 
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COMMENTARY: 

Uncertainty analysis in climate 
change assessments 

Richard W. Katz, Peter F. Craigmile, Peter Guttorp, Murali Haran, Bruno Sanso and Michael L Stein 

Use of state-of-the-art statistical methods could substantially improve the quantification of uncertainty 
in assessments of climate change. 


E *^ ecause the climate system is so complex, 
involving nonlinear coupling of the 
atmosphere and ocean, there will 
always be uncertainties in assessments and 
projections of climate change, 'Ihis makes it 
hard to predict how the intensity of tropical 
cyclones will change as the climate warms, the 
rate of sea-level rise over the next century or 
the prevalence and severity of future droughts 
and floods, to give just a few well-knowm 
exaniple.s. Indeed, much of the disagreemeitt 
about the policy implications of climate 
change revolves around a lack of certainty. 

'Ihc forthcoming Intergovernmental Panel 
on Climate C-hange (IPCC) Fifth A.sse.ssment 
Report (AR5) and the US National Climate 
Assessment Report will not adequately 
address this issue. Worse still, prevailing 
techniques for quantifying the uncertainties 
that are inherent in observed climate trends 
and projections of climate change are out of 
date by well over a decade. Modern statistical 
methods and models could improve this 
situation dramatically. 

Uncertainty quantification is a critical 
component in the description and attribution 
of climate change. In some circumstances, 
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uncertainty can increase when previously 
neglected sources of uncertainty are 
recognized and accounted for (Fig. I shows 
how uncertainty can increase for projections 
of sea-level rise). In other circumstances, 
more rigorous quantification may result in a 
decrease in the apparent level of uncertainty, 
in part because of more efficient use of 
the available information. For example, 
despite much effort over recent decades, 
the uncertainly in the estimated climate 
sensitivity (that is, the long-term response 
of global mean temperature to a doubling of 
the COj concentration in the atmosphere) 
has not noticeably decreased'. Nevertheless, 
policymakers need more accurate uncertainty 
estimates to make better decisions^ 

Detailed guidance provided to authors of 
the IPCC AR5 and the US National Climate 
Assessment Report emphasizes the use 
of consistent terminology for describing 
uncertainty for risk communication. This 
includes a formal definition of terms such as 
‘likely’ or 'unlikely' but, oddly, little advice 
is given about what statistical techniques 
should be adopted for uncertainty 
analysis'’^. At the least, more effort could be 
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made to encourage authors to make use of 
modern techniques. 

Historically, several compelling 
examples exist in which the development 
and application of innovative statistical 
methods resulted in breakthroughs in the 
understanding of the climate system (for 
example, Sir Gilbert Walker's research 
in the early twentieth century related 
to the El Niflo-Soiuhern Oscillation 
phenomenon"), We anticipate that 
similar success stories can be achieved 
for quantification of uncertainty in 
climate change, 

Although climate observations and 
climate model output have different sources 
of error, both exhibit substantial spatial 
and temporal dependence. Hierarchical 
statistical models can capture these features 
in a more realistic manner". These models 
adopt a 'divide and conquer’ approach, 
breaking the problem into several layers 
of conceptually and computationally 
.simpler conditional statistical models. The 
combination of these components produces 
an unconditional statistical model, whose 
structure can be quite complex and realistic. 
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EXECUTIVE OFFICE OF THE PRESIDENT 
NATIONAL SCIENCE AND TECHNOLOGY COUNCIL 

WASHINGTON, D.C. 20502 


February, 2013 


Members of Congress: 

On behalf of the National Science and Technolo^ Council, 1 am pleased to transmit Our 
Changing Planet: The U.S. Global Change Research Program for Fiscal Year (FY) 2013. The 
U.S. Global Change Research Program (USGCRP) coordinates scientific research across 13 
Federal departments and agencies whose missions include understanding changes in the global 
environment and their implications for society. In accordance with the Global Change Research 
Act of 1990 (GCRA) the enclosed report summarizes USGCRP’s recent achievements, current 
status, future priorities, and FY 2013 budget information. 

Notably, in April 2012, USGCRP released the National Global Change Research Plan 2012 ~ 
2021: A Strategic Plan for the U.S. Global Change Research Program. The Plan sets four 
strategic goals for USGCRP to achieve over the next decade: (1) advance science; (2) infonn 
decisions; (3) conduct sustained assessments; and (4) communicate and educate. It also reinforces 
the importance of partnerships that leverage Federal investments and foster broad use of Program 
results. 

Implementation of this Plan will build upon USGCRP’s strengths in integrated observation, 
modeling, information services, and science to serve societal needs. It will also fully address the 
GCRA mandate to '"understand, assess, predict, and re.spond to human-induced and natural 
processes of global change.’’" 

This Our Changing Planet report summarizes USGCRP's significant progress toward achieving 
its strategic goals and building a knowledge base that effectively informs human responses to 
global change. I appreciate the close cooperation of the participating agencies and look forward to 
continuing to work with members of the Congress on advancing this essential National program. 


Sincerely, 




John P. Holdren 

Assistant to the President for Science and Technology 
Director, Office of Science and Technology Policy 
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1. INTRODUCTION 


“'Were aiming to ensure that any response 
to global change is a response informed 
by sound science. " 

— Thomas R. Armsirong, Executive Director of the U.S. 
Giobal Change Research Program, April 2012 


Global change is happening now, increases in population, 
industrialization, and human activities have altered the 
world's climate, oceans, land, ice cover, and ecosystems. 
In the United States, climate change has already resulted in 
more frequent heat waves, extreme precipitation, wildfires, 
and water scarcity. 

These are serious challenges that directly affect American 
families, communities, and jobs. The only way to respond 
effectively is with a sound understanding of the changes 
underway, the threats and opportunities they present, and 
how they will change over time, The United States Congress 
recognized this urgent need in 1 990 by mandating a Federal 
interagency program to "assist the Nation and the world to 
understand, assess, predict, and respond to human-induced 
and natural processes of global change." 

The U.S. Global Change Research Program (USGCRP) is 
designed to fulfill that mandate by coordinating the Federal 
Government's $2.6 billion annual investment in global 
change research — the largest such investment in the world 
(Figure 1). 


figure t. USCCRP’s Vision and Mission. 

Vision - A nation, globally engaged and guided 
by science, meeting the challenges, pfplimatd. 
and global change 

Mission - To build a knowledge base that informs 
human responses to climate and global change 
through coordinated and integrated Federal 
programs of research, education, communica-. 
■py-- tiOn,_and decision support 
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The science portfolio managed by USGCRP spans systems 
and scales from atoms, to ecosystems, to the entire planet, 
and includes changes being wrought by human behaviors 
as well as by larger forces. It incorporates nearly all forms 
of scientific work, including laboratory experiments, field 
research, computer modeling, scientific assessment, and 
observations of Earth from land, air, sea, and space. This 
vast body of work is carried out by 13 Federal agencies, 
each with its own mission and areas of expertise (Figure 2). 

USGCRP provides both a skeletal framework for and connec- 
tive tissue between these member agencies so that, together, 
they produce effective, efficient, and holistic results. Tlijs 
is accomplished in a variety of ways — by developing joint 
research priorities, enabling knowledge and capacity transfer 


Figure 2. USGCRP Member Agencies and Departments. 



between agencies, minimizing redundancy across projects, 
and leveraging distributed Federal resources — an especially 
important task during austere budget times. 

Science activities enabled by USGCRP include: 

• Observations of the Earth, including satellite observations 
that allow scientists to monitor global change and 
understand climate processes; 

• Development, testing, and application of sophisticated 
models — the principal tools scientists use to predict 
future climate; 

• Assessments of the current climate and climate change 
impacts in the United States by synthesizing available 
scientific information from peer-reviewed literature and 
other credible sources; 

• Sharing of information to support specific adaptation and 
response needs, in part through increased engagement 
between those researching global change and those 
affected by it; and 

• Communication of scientific findings to diverse audiences, 
including the public, members of the Congress, and the 
global research community. 

For more than two decades, USGCRP has supported the 
Federal global change research enterprise to create a high- 
performance science portfolio that today provides taxpayers 
substantia! returns on their investment — including major 
advances in our knowledge of Earth's past and present 
climate, improved climate change projections for the future, 
and a better understanding of our vulnerabilities to the 
impacts of global change, These benefits extend far beyond 
pure science into domains that are directly relevant to the 
day-to-day lives of Americans and others around the world. 
They support weather forecasting, water and land resource 
management, agricultural crop production, and many other 
functions that Impact lives, livelihoods, and communities. 

Today, USGCRP continues to advance fundamental scientific 
understanding of global change. But recognizing that global 
change and its consequences are happening already, it is 
also focusing more than ever on a new priority: ensuring that 
its science is as immediately decision-relevant as possible. 

A new Research Plan for 2012-2021 lays out clear goals 
and objectives to achieve this ambitious new emphasis, 
including the expansion of stakeholder participation in all 
stages of the scientific process, and dissemination of results 
and information to broad audiences, including the public. 




A substantial amount of work is underway at USGCRP to 
achieve this vision — with many notable successes already 
achieved. Highlights of this recent work and its benefits 
to the Nation arc presented to members of the Congress 
and the public in this Our Char^ging Planet report. 


“What ivere doing— at a fundamental 

lev(4 — is working to prepare the Nation 

and the world for the future. ” 

— Thomas Karl, Chair of the National Science and 
Technology Committee’s Subcommittee on Global 
Change Research, April 2012 
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2. FY 2012 & RECENT 
ACCOMPLISHMENTS 


2.1 NEW DECADAL RESEARCH PLAN 

Today's rate of global change far exceeds anything documented 
in human history. Decision makers at every level of govern- 
ment, across every geographic region, and in every economic 
sector are demanding clear information about global change 
in order to plan, prepare, adapt, and respond. Because of 
USGCRP's legacy of major contributions to climate change 
science, the breadth of expertise encompassed by its member 
agencies, and its broad, ongoing engagement with decision 
makers, the Program is highly qualified to address this 
growing demand for information. 

In April 2012, USCCRP released a new research plan that 
describes in detail how the Program will fulfill this role and 
its Congressional mandate over the next decade (Figure 3). 
The Plan, entitled The National Global Change Research 
Plan 201 2-202 f : A Strategic Plan for the U.S. Global Change 
Research Program, lays out specific goals and objectives 
to generate and disseminate scientific knowledge that is 
readily available and directly useful to decision makers and 
citizens (Figure 4). 


Figure 3. Cover image of the National Global Change Research Plan 
2012-2021. 


T HE NATIONAL GLOBAL CHANGE 
RESEAF<CH PLAN 2012-2021 


A tniAiTdtrnjM foxtes ei.h. ci.oru ciuvcr shkaiicm nnc«AM 
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Figure 4. New Decadal National Global Change Research Plan Coals and Objectives. 

( i( 1 M 1 M >V I *«( n N( E «* ienriflr knowU‘(l>*o of thr int(‘gMlcd njiural anil human < (impoiu'ns f>i Ihi 

Earth system. 

Objective 1:1. Earth System Understanding: Advance fundamental understanding of the physical, chemical, biological, 
and human components of the Earth system, and the interactions among them, to improve knowledge of the causes and 
consequences of global change. 

Objective 1.2, Science for Adaptation and Mitigation: Advance understanding of the vulnerability and resilience of 
integrated human-natural systems and enhance the usability of scientific knowledge in supporting responses to global 
change. 

Objective 1.3. Integrated Observations: Advance capabilities to observe the physical, chemical, biological, and human 
components of the Earth system over multiple space and time scales to gain fundamental scientific uiiderstanding and 
monitor important variations and trends. 

Objective 1.4. Integrated Modeling: Improve and develop advanced models that integrate across the physical, 
chemical, biological, and human components of the Earth system, including the feedbacks among them, to represent 
more comprehensively and predict more realistically global change processes. 

Objective 1.5. Information Management and Sharing: Advance the capability to collect, store, access, visualize, and 
share data and information about the integrated Earth system, the vulnerabilities of integrated human-natural systems to 
global change, and the responses to these vulnerabilities. 

2. IVFOKM DFriSIONS Provide the scientifir basis to inform and enable timely deslvions on adaftatiDn ami 

Objective 2.1. Inform Adaptation Decisions: Improve the deployment and accessibility of science to inform adaptation 
decisions. 

Objective 2.2. Inform Mitigation Decisions: Improve the deployment and accessibility of science to inform decisions on 
mitigation and the mitigation-adaptation interface. 

Objective 2.3. Enhance Global Change Information: Develop the tools and scientific basis to enable art integrated 
system of global change information, informed by sustained, relevant, and timely data to support decision making. 

COAL 1 CONDUCT SUSTAINED ASSESSMENTS Build suitalned assennwnt capacity that improves the Nation^ abiiilv to 
understand, anticipate, and respond to global change impacts and vulnerabilitiei 

Objective 3. 1. Scientific Integration: Integrate einerging scientific understanding of the integrated Earth system into 
assessments and identify critical gaps and limitations in scientific understanding. 

Objective 3,2. Ongoing Capacity; Strengthen and evolve ongoing capacity to conduct assessments with accessible, 
transparent, and consistent processes and broad participation of stakeholders across regions and sectors. 

Objective 3.3. Inform Responses: Inform responses to global change with accurate, authoritative, and timely information 
that is accessible to multiple audiences in multiple formats. 

I Objective 3.4. Evaluate Progress: Ensure ongoing evaluation of assessment processes and products, and incorporate the 
findings into an adaptive response for systemic improvement. 

GOAL 4 . COMMUNICATE AND EDUCATE: Advance comirainicatloni and education to broaden public understanding of 
I global chai^ and develop the sclentiAc workforce of the foture. 

1 Objective 4.1. Strengthen Communication and Education Research: Strengthen the effectiveness of global change 
communication and education research to enhance practices. 

Objective 4.2. Reach Diverse Audiences: Enhance existing and employ emerging tools and resources to inform and 
educate effectively, providing for information flow in multiple directioiis. 

Objective 4.3. Increase Engagement: Establish effective and sustained engagement to enable a responsive and wholly 
integrated Program. 

Objective 4.4. Cultivate Scientific Workforce: Cultivate a capable, diverse scientific workforce that is knowledgeable 
about global change. 
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USGCRP's new strategic goals are: 

<1) Advance Science; 

(2) inform Decisions; 

(3) Conduct Sustained Assessments; and 

(4) Communicate and Educate. 

To achieve these goals, USGCRP must leverage the strengths 
of its member agencies; improve coordination across the 
breadth of Federal activities; foster more effective collabora- 
tion among researchers in the natural and social sciences; 
and conduct more robust dialogues with decision makers 
and diverse audiences. It is estimated that full implementa- 
tion of these objectives will take 10 years. 

in FY 2012, in addition to setting a practical new course 
for research into the future, USGCRP also made significant 
progress in science, assessment, decision support, and 
communication to serve the Nation. These accomplishments 
are presented in the following sections and categorized 
according to their alignment with USGCRP's new strategic 
goals and other crosscutting priorities. 


2.2 ADVANCE SCIENCE 


Goai i;^Advance Science:. Advance scientific.knowl- 
edge of the integrated natural and human components 
aftbe Earth system.. 


Improving scientific understanding of the Earth system and 
its interactions with human society will remain at the core of 
USGCRP programs and activities. USGCRP will continue to 
advance science in the areas of integrated Earth observation, 
multidisciplinary scientific understanding of Earth systems, 
and integrated Earth system modeling, among others. 

INTEGRATED EARTH OBSERVATIONS: Observations across 
all of Earth's domains - atmospheric, oceanic, and terrestrial 
- improve understanding of how Earth systems operate and 
how they respond to human activities. Satellite observations 
of changes to the Greenland ice sheet, for example, help 
scientists document the effects of human-induced global 
change on the high-latitude environment. 

By definition, observations expose processes and impacts 
that have already occurred, or are ongoing. But they also 
underpin our ability to predict future behavior. For example, 
observations are used to test and evaluate models that predict 
future long-term global change, and to inform short-term 
weather forecasts, among other critical tasks. 

No single technology can provide ail of the observations 
needed to perform these functions. That is why complemen- 
tary instruments are used in concert on the ground, at sea, 
in aircraft, and on satellites to obtain observational data, The 
United States has capabilities across all of these domains 
and produces both domestic observations and contributions 
to international observation efforts on an ongoing basis. 

But despite their vast utility, our Nation's observational 
capabilities are at serious risk of decline. As has been 
widely documented, more than half of all United States 
and international satellite sensors are past their intended 
operational life spans. A large number of other United States 
observation instruments suffer the same status, Loss of aging 
instruments and inability to fully incorporate successor 
instruments into missions planned for the future have left 
the Nation at considerable risk for gaps in continuous 
observations of Earth from space. Such gaps are not only 
problematic in real time; they also make it challenging (or 
even impossible) to connect data streams from successive 
instruments — leaving the observations we do obtain vulner- 
able to greater uncertainty. Similar declines in ground-based 
monitoring networks are also hampering the Nation's ability 
to assess global change trends and prepare for the future. 
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As demand for reliable information grows, the Nation will 
be faced with increasing pressure to maintain existing 
capabilities and develop new observation systems that 
are better integrated and incorporate additional variables 
such as socioeconomic behavior. Building such integrated 
observational capacity is essential to advancing science, 
enhancing the Nation's resilience, and remaining globally 
competitive. 

MULTiDISCIPLINARY SCIENTIFIC UNDERSTANDING OF 
EARTH SYSTEMS: Just as no single observational instrument 
can capture all information about a changing Earth system, 
no single scientific discipline or research method can address 
the full range of questions related to global change. Physical, 
geological, chemical, biological, ecological, social, behav- 
ioral, and economic processes interact with each other in 
various ways — with changes to one system inevitably affecting 
many others. Understanding the full picture of complex 
interactions requires diverse expertise, capabilities, and 
scientific approaches — ranging from controlled laboratory 
experimentation and field research campaigns, to modeling 
of complex multivariate systems and analyzing data trends 
across vast scales of time and space, 

it is the job of scientists to stitch together insights that 
emerge from these various lines of inquiry, identify gaps or 
weaknesses in collective understanding, and seek new ways 
to address them, This iterative process is what ultimately 
leads to discovery and progress. 

INTEGRATED EARTH SYSTEM MODELING: Models help 
scientists understand the behavior of Earth systems that 
sometimes interact in surprising ways. Models also allow 
scientists to predict the future behavior of systems, including 
how they will respond to human influences overtime. 

The earliest climate models incorporated atmosphere and 
land-surface components. Over time, additional components 
that we now know are critical pieces of (he climate system- 
such as oceans and sea ice — began to be incorporated. More 
recently, climate models have been expanded to include 
detailed representations of ice sheets, atmospheric chemistry, 
biogeochemicai cycles, and more. Scientists are continuously 
testing, evaluating, and improving these components so that 
models simulate Earth systems as accurately as possible. 

Despite these major advances, challenges remain. More 
work is needed to improve the spatial resolution of models, 
improve representation of climate and weather extremes in 
models, quantify uncertainty in model results, and incor- 
porate new socioeconomic components. 


RECENT HIGHLIGHTS: ADVANCE SCIENCF 


TTie following section highlights USGCRP interagency 
activities and research results in key areas of study including 
exh-eme weather, oceans, the cryosphere, climate modeling, 
and many others. While not comprehensive, these results 
demonstrate the breadth, depth, and national significance 
of USGCRP-enabled work— which has resulted in impor- 
tant scientific advances, new discoveries, and enhanced 
research capabilities. 

In the United States, Weather Extremes Surge, Agencies 
Study Possible Links to Climate Change 

In 2011 and 2012, the United States experienced an 
unusual number of extreme weather and climate events. A 
major national need for authoritative scientific information 
about extreme events continues to be filled by the National 
Oceanic and Atmospheric Administration (NOAA), the 
United States Department of Agriculture (USDA), and other 
USGCRP agencies. Much of what is known about these 
events — including their present character and historical 
context — derives from data collected and reported by 
USGCRP agencies. Examples include: 

• In 201 1 , the United States experienced a record-breaking 
1 4 weather disasters producing insured losses of more 
than $1 B each. The previous record was nine, set in 2008.' 

• The average temperature for the contiguous United 
States during july 201 2 was the hottest for any month 
on record (since 1 895).^ 

• In the United States, the 12-month period ending July .31, 
2012 was the warmest since recordkeeping began in 1895" 
and NOAA announced in December 2012 that 2012 
was poised to go down in the record books as the hottest 
since 1 89S. 

• During July 2012, 2,01 million acres were burned by 
wildfires in the United States — the 4"' largest extent on 
record. In the same month, 9,869 fires burned — the 5'** 
highest number on record for july over the past dozen 
years.^ 


' Billion L)oliar Weaiher/Climate Disasters. National Oceanic and 
Atmospheric Administration (NOAA), National Climatic Data Center 
(NCOC). httpt/Avwvs'.ncdc.noaa.gov/biliions/ 

’ State of the Climate; July 201 2, National Oceanic and Atmospheric 
Administration (NOAA), National Climatic Data Center (NCDCj. 
http;//vvww,ncdc.noaa.gov/sotc/2012/7 

* State of the Climate; July 2012. National Oceanic and Atmospheric 
Administration (NOAA), National Climatic Data Center (NCDC). 
http://www,nc<lc,noaa.gov/sotG''2012/7 

* State of the Climate: July 2012. National Oceanic and Atmospheric 
Administration (NOAA), National Climatic Data Center (NCDC). 
hl^);//www.ncdc.noaa.gov/5Otr/2012/7 
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• 62.9 percent of the contiguous United States experienced 

moderate to exceptional drought at the end of July 
2012- The maximum value of 63.9 percent reached 
on July 24 set a record for the 13-year history 
of the United States Drought Monitor — which is 
maintained by NOAA, USDA, and other partners.^ 

In addition to tracking, analyzing, and reporting extreme 
weather as it occurs, USGCRP agencies have also begun to 
study extreme weather trends and possible links to climate 
change. A 2012 statistical analysis by NASA scientists, for 
example, showed that some recent extreme summer heat 
waves, including the intense heat that afflicted the U.S. 
Midwest in the summer of 2012, were almost certainly the 
consequence of global warming.^ 

At NOAA, scientists contributed to a report on the state of 
available science for connecting specific recent weather 
events to broader climate processes. They concluded that 
while much work remains to be done to improve this "attri- 
bution science" — including improving climate models and 
collecting better observational data— there is already some 
existing potential to make such connections and, with more 
targeted scientific research, this ability will likely improve 
over time.'' 

Af High Latitudes, Climate Change Unlocks Hidden 
Carbon Stores 

High latitude ecosystems are among the most vulnerable 
to global change, and impacts on these ecosystems can 
have global consequences. Research shows, for example, 
that changes in fire intensity in high latitude ecosystems 
have resulted in large releases of carbon previously locked 
up in tundra soils. Other research has shown that melting 
permafrost at high latitudes is causing both gradual and 
abrupt releases of carbon dioxide (COp and methane — two 
greenhouse gases (CHC) that contribute significantly to 
global warming. 

USGCRP research is providing novel insights about the stores 
of carbon locked up in these high-latitude ecosystems. For 


‘ State of the Climate: July 201 2. National Oceanic and Atmospheric 
Administration (NOAA), National Climatic Data Center (NCDC). 
hfip://www.ncdc.noaa.gov/sotc/2012/7 
’ U.S. Drought Monitor: July 201 2. National Oceanic and Atmospheric 
Administration (NOAA), U.S. Department of Agriculture, et a!. 
htl[):/,'droughtmonitor.unl.Cfiu/monitor.himl 
'' Hansen et al. 2012: Perception of Climate Change. Proceedings of the 
National Academy of Sciences. 10.1073/pnas.1205276109 
' Peterson et al. 2012; Explaining Extreme Events of 2012 from a Climate 
Perspective. American Meteorological Society 
® Schuur, E.A.G.. 8. -Abbott, and the Permafrost Carlwn Network. 2011: 
High risk of permafrost thaw; Northern soils will release huge amounts 
of carbon in a warmer world. Nature 480; 32-33. 



Figure 5. The Anaktuvuk River fire on the north slope of Alaska in 2007. 
Climate cbarrge has increased ihre frequency and intensity in the atctic 
tundra, resulting in a fundamerttal change in the carbon balance in high 
latitude ecosystems. Photo credit.- Alaska Fire Service 


example, a recent study by scientists at the Department of 
Interior's (DO!) United States Geological Survey (USCS) and 
university researchers shows that a substantial amount of 
organic carbon on Alaskan glaciers comes from atmospheric 
deposition of particles associated with fossil fuel burning. 
Prior research suggested that the primary source was ancient 
soil, plants, and other organic materials from forests and 
peat lands that were overrun by glaciers thousands of years 
ago. The finding suggests that a large portion of organic 
carbon - which can speed the melting of ice and snow by 
absorbing rather than reflecting solar radiation - found on 
glaciers can be traced to human activity. 

In another USGS-ied effort, scientists conducted a landmark 
airborne survey of permafrost in the Yukon Fiats of Alaska 
that yielded some of the most detailed, data-rich maps of 
permafrost ever generated. Though permafrost — frozen 
ground that remains at or below water's freezing point for 
at least two years — accounts for only 0,022 percent of all 
water on Earth, it covers more than 20 percent of exposed 
land at Earth's northern high latitudes and is likely to play 
an important role in climate dynamics. 

For example, as temperatures rise, permafrost thaws, making 
the massive stores of carbon locked up in permafrost increas- 
ingly available for release into the atmosphere, where they 
contribute to further warming. Changes in permafrost can 
also impact ground stability, affecting infrastructure such 
as roads, home foundations, water treatment facilities, and 
industrial sites. 

USGCRP continues to coordinate a wide range of other high- 
latitude ecosystem research efforts across the Federal govern- 
ment, including: work supported by the National Science 
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Figure 6. Aquarius-derived Sea Surface SalinHy (SSS) Map. Source: NASA 


Foundation (NSF) to study long-term patterns of change in 
organic carbon and CO^ in Alaska; airborne campaigns by 
the National Aeronautics and Space Administration's (NASA) 
to collect detailed measurements of greenhouse gases in 
the Alaskan Arctic; and the Department of Energy's (DOE) 
development of a new high-resolution model of changing 
Arctic ecosystems. 

Unprecedented Ocean Observations from Sea and Space 

For more than a century, information about sea surface 
salinity has been collected from ship-based observations, 
surface buoys, and, more recently, profiling floats. Two 
new NASA efforts — the Aquarius mission and the Salinity 
Processes in the Upper Ocean Regional Study (SPURS) 
field campaign — will complement this sometimes-sparse 
data record by providing new observations of the complex 
interactions between evaporation, precipitation, and ocean 
circulation worldwide. 

These observations are important because regional varia- 
tions in ocean salinity can influence the ocean's ability to 
absorb, transport, and store heat, freshwater, and CO^, and, 
therefore, drive further changes in atmospheric circulation 
and the hydrologic cycle. 

NASA's Aquarius mission was launched in 201 1 in partnership 
with the Space Agency of Argentina - Comisidn Nacional 
de Actividades Espaciales - and is the first satellite mission 
specifically focused on producing global observations of 
sea surface salinity, it will deliver monthly salinity maps 


with an estimated accuracy of 0.2 practical salinity units 
(psu) - equivalent to detecting a single "pinch" of salt (1/8'’’ 
of a teaspoon) in one gallon of water. 

The SPURS field campaign will closely monitor the saltiest 
region of the Earth's oceans - the subtropical North Atlantic 
gyre - to provide a 3D view of processes that drive changes 
in salinity distribution. Beginning in September 201 2, 
NASA, NSF, NOAA, and European partner agencies have 
been deploying instruments on floats, ships, moored buoys, 
underwater gliders, and an autonomous underwater vehicle 
to capture this detailed view of ocean processes (Figure 7). 

Particle Pollution Linked to Clouds and Climate 

USCCRP scientists are studying airborne particles and 
their interactions with climate systems to support global 
change-related decision making in urban environments 
and elsewhere. 

A recent DOE-funded study by the Massachusetts Institute of 
Technology (MIT) Joint Program on the Science and Policy of 
Global Change has delivered a novel global-scale air quality 
model. Tlie new model includes, for the first time, the air pollution 
contributions of urban-scale aerosols- — airborne suspensions 
of tiny particles or droplets, such as dusts, mist, or fumes.® 
Historically, aerosol processes have not been included in 


® Cohw, )-B., Prinn, R.G,, and C. Wang. 201 1 , the impact of detailed 
urban-scale processing on the composition, distribution, and radiative 
forcing of anthrc^genic aerosols. Geophysical Research Letters 38, 
L10808. 
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figure 7. Schenutic of 'he SPURS observational strategy. A combination 
of instrumentation generates high-resolution measurements of the upper 
ocean. 



global models because of the very high computation demands 
required to do so. The new system has already begun to l>e 
used by modelers to simulate the effects of cities on global 
aerosol chemistry and physics. 

In 2010, USCCRP agencies led a field study in coopera- 
tion with the California Air Resources Board (CARS) and 
other partners to investigate emissions and atmospheric 
processes over California and the eastern Pacific coastal 
region. The study, called CalNex, examined the oppor- 
tunities and trade-offs faced by decision makers at the 
nexus of air quality and climate change. Results show that 
California's clean-fuel regulations and voluntary actions 
taken by shipping companies have substantially reduced 
air pollution caused by near-shore ships. Research results 
show that these voluntary actions reduce emissions of 
sulfur dioxide, soot, and other pollutants that impact both 
human health and climate by as much as 90 percent. 
The results .suggest that California's new regulations are 
working as intended — information that may help other 
regions to decide whether to adopt similar strategies. 

DOE-funded scientists used measurements from a 2008 
field campaign in conjunction with a weather research 


Lack, D.A,, C.D. Cappa, j. Laiigridge, R. Bahreini, G. Buffaioe. C. Brock, 
K. Cerutly, 0. Coffman, K. Hayden, J. Hoiloway B, Lerner, P, Massoli, S.- 
M. Li, R. McLaren, A,M, Middtebrook, K. Moore, A. Nenes, I. Nuaaman, 
T.B, Onasch, J. Peischi, A. Perring, P.K. Quinn, T. Ryerson. |.P. Schwarz, 
R. Spackman, S.C, VVoHy, D, VVorsnop, B, Xiang, and E, Williams. 201 1 . 
impact of fuel quality regulation and speed reductions on shipping 
emissions: implications for climate and air quality. Environmental 
Science and Technology 45, 9052-9060, 


and forecasting model to examine the indirect effects 
of aerosols on two cloud regimes in Southeast China.’’ 
The scientists sought to better understand the effect of 
aerosols on cloud formation and precipitation — one of 
the least understood aspects of our climate system. They 
found that changes in the concentration of nuclei around 
which clouds form (i.e., aerosols) can significantly change 
the timing of storms, the rate and distribution of precipita- 
tion, and the height of deep convective clouds — and are 
thus important variables to include in regional and global 
climate simulations. 

New CUmate Models are Better Performing, Higher- 
Resolution 

Modeling centers affiliated with USGCRP agencies continue 
to lead in developing, evaluating, and applying climate 
models, as well increasing the accessibility of model output 
to diverse user communities. 

USGCRP agencies are playing key roles in Phase 5 of 
the Coupled Model intercomparison Project (CMtP5) — a 
major international effort to evaluate and improve climate 
models. CMIP5 builds on the success of earlier phases 
of the project, which revolutionized the fields of model 
evaluation, uncertainty qiiantification, and societal impacts 
studies by allowing universal access to results of the world's 
major climate models, in that effort, USCCRP agencies 
were primarily responsible for developing Earth System 
Grid software that allows users to download model output 
from multiple locations without needing to know where 
the datasets physically reside — giving them faster, easier 
access to climate data. 

The new CMIP models achieve finer spatial resolution and 
better representation of certain climate processes than 
older-generation models. These improvements are based 
upon careful comparison of model output to real-world 
observations — an area in which USCCRP agencies have 
particular expertise. For example, scientists funded by DOE 
and NASA worked with partners to create a diagnostic 
tool known as the Cloud Feedback Model Inlercomparison 
Project Observation Simulator Package (COSP), which 
enables comparison of model outputs with observations 
from satellite instruments. COSP is used by most major 
climate and weather prediction models worldwide and will 
play an important role in the evaluation of models slated 
for review in the next Intergovernmental Panel on Climate 
Change (IPCC) report. 


Fan, J., L.R. Leung, Z. Li, H. Morrison, H. Chen, Y. Zhou, Y. Qian, and Y. 
Wang. 2012. “Aerosol impacts on Clouds and Precipitation in Southeast 
China - Results From Bin and Bulk Mie ropliysics.’' /. Ceophys. Res., 

117, D00K36, 001:10.1029/201 1JD01 65.37. 
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Finally, individual models often display strong predictive 
“skill" (ability to forecast future conditions) in particular 
regions or for particular variables. Overall skill can often 
be enhanced by combining models vi,'ith unique strengths. 
DOE, NSF, NASA, and academic partners are investigating 
how such model combinations could potentially improve 
climate forecasts through the National Multi-Model Ensemble 
system (NMME) (Figure 8). NOAA's Climate Prediction Center 
has already begun using the NMME system to inform its 
monthly climate briefings. A second phase of the project 
commenced in Fall 2012. 

High-Tech SateUite Systems Observe Earth with Record 
Accuracy 

USGCRP scientists and engineers continually seek new 
and innovative ways to observe the Earth. In October 2011, 
NASA, NOAA, and DoD launched the Suomi National 
Polar-orbiting Partnership (NPP) satellite with a naission 
to acquire a wide range of land, ocean, and atmospheric 
measurements. The project, formerly known as the National 


Figure 8. (Top) Arenas where the NMME system provides high degrees 
o f skill in predicting precipitation patterns two months in advance are 
indicated by wcvm colors. (Bottom) Warm colors indicate regions where 
value was added by using a multhmodel approach. Image courtesy of 
Ben Kirtman. 



NMME Precipitation CorreiaUon 3 Month Lead 
(December Initial Conditions) 

E0Cf> «n8«mbi« m«iTib«r w«jght«(] «()ual!y 



MewnM in Squatefl Coim laliori 


Polar-orbiting Operational Environmental Satellite System 
(NPOESS) Preparatory Project, carries five scientific instru- 
ments that collect data for climate monitoring, operational 
weather forecasting, and global change science. 

The NPP mission is a bridge between NASA's Earth Observing 
System (EOS) satellites and the forthcoming series of joint 
Polar Satellite System (jPSS) satellites, and will provide a 
wide range of data, including atmospheric and sea surface 
temperatures, land and ocean biological productivity 
measurements, cloud and aerosol property information, 
ozone measurements, and information about fluxes in Earth's 
radiation budget. 

In addition, six microsatellites that were launched jointly 
by the United States and Taiwan in 2006 have significantly 
improved weather forecasts. The system, called the Constel- 
lation Observing System for Meteorology, ionosphere, and 
Climate (COSMIC), continues to provide meteorological, 
climate, and space-weather data with unprecedented accuracy. 

COSMIC uses instrumentation designed by NASA, is managed 
domestically by NSF, and receives co-funding from NOAA, 
NASA, the Air F^rce, and the Navy. The system's capacity for 
collecting high-resoiution global information has already been 
shown to reduce lower-stratosphere temperature measure- 
ment errors by up to 1 1 percent and improve forecasts of 
tropical cyclone tracks, among other important advances. 

Polar Change Sets All-Time Records 

The National Snow and ice Data Center — an interagency 
center funded jointly by NASA, NOAA, and NSF— recently 
reported that Arctic sea ice reached its iowest-ever measured 
extent in September 2012. 

The rapid reduction in Arctic sea ice extent (defined as horizontal 
area with at least 85 percent ice cover) and changes In sea 
ice thickness are being studied closely by USGCRP agency 
scientists. A recent NASA analysis showed, for example, that 
the average thickness of sea ice in the Arctic is on the decline,’^ 
In fact, the oldest and thickest Arctic sea ice is disappearing 
faster than younger, thinner ice that surrounds it — creating 
an overall thinning effect and more areas of open, ice-free 
water during the summer months. 

Other USGCRP research, on the crysophere (solid-state water, 
including ice, snow, and permafrost), is assessing trends in 
ice sheet and glacial melt — major potential contributors to 
sea level rise. 


Comiso, j.C. (2012). Large Decada! Decline of the Arctic Multiyear ice 
Cover, Journal of Climate, 25, 1176-1193 10.! 1 75/jaj-D-1 1-001 13.1 
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NASA satellites recently detected that 97% of Greenland's 
surface was covered by meltwater — more than has been observed 
in 30 years of satellite monitoring. And, a recent study supported 
by DOE and others estimated that because of climate change, 
Greenland’s Mittivakkat Gletscher glacier w^ould eventually 
lose at least 70 percent of its current area and 80 percent of 
its volume — even in the absence of further climate change.’^ 
In 201 1 , on the other icy end of the globe, NASA flew 24 
science flights during a six-week campaign called Opera- 
tion IceBridge to collect data on the thickness and depth 
of Antarctic ice sheets as well as glacial movement (Figure 
9). During one of the flights, researchers discovered a large 
crack across the Pine Island Glacier ice shelf — a precursor 
to the anticipated separation of an estimated 310-square- 
mile iceberg into the ocean (Figure 10). 

Tropical Forest Carbon Mapped with Unprecedented 
Precision 

Tropical forests store massive quantities of carbon in the wood 
and roots of their trees. When trees are cut down, burned, 
or naturally decompose, these stores of carbon are released 
into the atmosphere, The IPCC estimated that in the 1990's, 
net carbon emissions from land-use change constituted 
about 20 percent of human greenhouse gas emissions. That 
estimate was based largely upon self-reporting by countries 
to the United Nations Food and Agriculture Organization. 

A new study using satellite measurements found 
that gross carbon emissions (emissiorts from forest loss, 
not including carbon absorption from forest regrowth) 
from tropica! regions between 2000 and 2005 were 
only 25 to 50 percent of previous estimates— a large 
discrepancy with potential implications for policy and 
decision making. 

The new estimate was made possible by the first-ever global 
inventory of tropical forest carbon, created in 201 1 using a 
variety of NASA satellite data. The inventory effort resulted 
in the most precise map ever produced depicting the amount 
and location of carbon stored in Earth's tropical forests. 

These and similar studies are important for countries planning 
to participate in the Reducing Emissions from Deforestation 
and Degradation (REDD+) program — an international effort 
to set a financial value for the carbon stored in forests. The 


" Memiid, S. H., N. T. Knudsen, W. H. Lipscomb, ). C. Yde, j. K. Malmros, 
&. Hitsholl. ;ind B. H. takobsen. Increasing mass loss from Greenland’s 
Mittivakket Gletscher, The Cryoiphere, 5. 341-3‘}8, 2011. 

Harris, Nancy L,. S.antira Brown, Stephen C, Hagen, Sassan S. Saatchi, 
Silvia Petrova, William Salas, Matthew C. Hansen, PelerV. Potapov, and 
Alexander Lotsch, 2012. Science (336): 6088: 1573-1576 


Program offers incentives to preserve forestland in the interest 
of reducing carbon emissions and investing in low-carbon 
paths toward development. 

Figure 9. Map of flight lines froi)) NASA's Antarctic IceBridge mission in 

201 1. Image Credit: NASA. 
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Figure W. A close-up image of the crack spreading across the ice shelf 
of Pine Island Glacier that NASA's OC-8 flew over in October 20 1 1. 
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2.3 INFORM DECISIONS 


Goa! 2— Inform Decisions: Provide the scidnUfic basis 
to inform, and enable timely decisidns-dn adaptation 
and mitigatiom . 


People, businesses, communities, and entire nations are 
making decisions to minimize (mitigate) and prepare for 
(adapt to) global change. USGCRP's Inform Decisions 
goal is designed to support those decisions by translating 
research results into information that is relevant, usable, 
and accessible as well as by facilitating meaningful engage- 
ments between scientists and decision makers. Specifically, 
USCCRP is focused on advancing adaptation science and 
providing global change information in ways that are useful 
to those who need it. 

ADAPTATION SCIENCE: More extreme precipitation events, 
longer wildfire seasons, reduced snowpack, increased extreme 
heat events, warming ocean temperatures, and rising sea 
levels are already beginning to affect our Nation's critical 
infrastructure, ecosystems, food production, energy supply, 
national security, human health, and cultural heritage.'® 
As changes in our climate continue, these impacts are expected 
to intensify and new impacts may emerge. Preparing for and 
adapting to these changes is a common sense approach to 
ensuring a safer, more prosperous future. 

USCCRP agencies are already working to increase dialogue 
between climate researchers and decision makers to ensure 
there is mutual understanding of the most pressing adaptation 
science needs. They are also leveraging Internal expertise 
to prepare for the impacts of climate change. For example, 
NASA is sponsoring research on potential adaptation 
approaches to climate change in the regions where its facili- 
ties reside, Other agencies are collaborating with State and 
local officials to co-produce specific information products 
relevant to managing climate variability and future change. 

Despite the tremendous value of these steps, major challenges 
remain. Many methodologies used to inform adaptation 
decisions are nascent and not rigorously tested, and many 
existing climate models cannot provide reliable local-scale 
information. There is also a need to identify critical knowledge 
gap.s, optimize allocation of limited resources, and ensure 
that there is sustained engagement between scientists and 
decision makers on the ground. 


USCCRP. (2009). Global Climate Change Impacts in the United States. 
wvvvv,globalchange.gov/j)ub!ica(ions/r<»})oris and National Research 
Council- (201 1 ). America's Climate Choices. The National Acadonies 
Press. Washington, DC. www.nap.edu/cafalog.php?record_id=12781 


GLOBAL CHANGE INFORMATION: Informed decisions 
require credible information and data. Decision makers 
need global change information that is centrally accessible, 
clearly described, authoritative, and relevant. Meeting this 
need efficiently — when both the demand for reliable data 
and the diversity of available data are ballooning rapidly— is 
a sizable challenge. 

In direct response to this challenge and to feedback from the 
National Academy of Sciences (NAS), USCCRP is developing 
a new, systematic approach to global change information 
provision. The approach confronts the reality that while many 
credible, topic-specific data delivery services exist across 
the Federal government, there is no single point of access for 
authoritative information on interrelated, multidisciplinary 
global change issues such as the coastal impacts of sea level 
rise, the health costs associated with temperature extremes, 
and others. Misent a central and intuitively structured access 
point, it can be difficult for users to find the data they need. 

The main component of USGCRP's information provi- 
sion plan is development of a Global Change Information 
System (GCIS) — a comprehensive web-based data integra- 
tion platform that will efficiently deploy the broad range 
of global change information to diverse user communities. 
When fully developed, the GCIS will be a central access 
point for authoritative global change data from across the 
Federal agencies and beyond (including fundamental obser- 
vational and modeling data, and derivative communication 
products and services). As a first but significant step, the 
GCIS will provide data related to the forthcoming National 
Climate Assessment (NCA), scheduled for release in 2013. 

This effort will require multiple Federal agency partnerships; 
comprehensive access to in situ and space-based observing 
assets across the government; access to and translation of 
modeled data; significant data management capabilities; 
and consideration of diverse audience needs to create 
appropriate user-experiences. 


RECENT HIGHLIGHTS. IMORM IIH ISIONS 


New Plant Zone Map Informs Gardeners and Growers 

In early 2012, USDA released a new Plant Hardiness Zone 
Map— a tool widely used by growers and gardeners across 
the United States to understand which plants are most 
likely to thrive in a given location, The last such map was 
released in 1990. 
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Notably, two new zones (that fall only in Hawaii and Puerto 
Rico) have been added that represent particularly warm 
regions — where average coldest temperatures are above 
50 and 60 degrees F. In addition, the new map is generally 
one half-zone warmer than previous maps. 

Because the 2012 map was created with more precise 
techniques and additional data from new weather-reporting 
stations, these zone differences — as stand-alone observa- 
tions — are not sufficient evidence to confirm w'hether there 
has been global v^'arming in a particular location. However, 
the zone differences overall do reflect broader climate change 
trends observed by scientists through systematic evaluation 
of data from much longer time periods. 

The map is an example of the many important uses of 
temperature data that reach beyond the walls of science labs, 
into the daily lives of Americans. Growers and gardeners 
across the country rely on this type of information to make 
day-to-day decisions about which species to plant and how’ 
to care for them that can affect the success of their home 
gardens, community gardens, and businesses. 

New Climate Adaptation Strategies Strengthen National 
Resilience 

In FY2012, USCCRP collaborated closely with the Interagency 
Climate Change Adaptation Task Force (ICCATF) to inform three 
major National adaptation strategies; (1) National Action Plan 
for Managing Freshwater Resources in a Changing Climate^*’; 

(2) National Ocean Policy: Implementation Plan'^; and 

(3) National Fish, Wildlife and Plants Climate Adaptation 
Strategy (Figure 1 1),’® 

These strategies will help Federal eigencies incorporate 
climate change adaptation considerations into their decisions 
and actions related to our Nation's freshwater, ocean, fish, 
wildlife, and plant resources. 

USCCRP is also supporting efforts by individual Federal 
agencies to plan for climate change impacts on their own 
operations. In response to Executive Order (E.O.) 13514, 
Federal Leadership in Environmental, Energy, and Economic 
Performance, Agencies developed individual Adaptation 
Plans to evaluate and manage the risks, vulnerabilities, and 
impacts of climate change. 


Nationa! Action Plan for Managing Freshwater Resources m a Changing 
Climate; httpY/www.whilehouse.gov/siles/defaull/fiies/mkrosites/ 
tecf201 1_nationaLaclion_plan.}xlt 

’’ National Ocean Policy; Implementation Plan; htlp;/Avww.whitehouse. 
gov/silesYlefault/files/mj(Tosite5/ce()/nalk)nal_<x'ean_|X)lify_draft_ 
implementation „p!an_01 -12-1 2.pdf 

National Fish, Wildlife and Plants Climate Adaptation Strategy; htl(j;/7 
www.wildlifeadaptationstrategy.gov/ 


With scientific support from USCCRP, Federal agencies 
submitted full draft Adaptation Plans to the Council on 
Environmental Quality (CEQ) and the Office of Manage- 
ment and Budget (OMB) in june 2012 and continue to make 
progress. For example: 

• USDA issued a new Departmental Regulation (D.R. 
1070-001) to develop and implement adaptation actions 
to help the Nation's agricultural enterprise prosper in 
the face of a changing climate, 

• The United States Army Corps of Engineers (USAGE) is 
leading multi-agency and international teams to produce 
guidance on how to incorporate considerations of sea 
level change into Army Corps coastal projects. 

• NASA's Climate Adaptation Science Investigators (CASl) 
Wfckkgroup is currently developing climate projections for 
each NASA Center, an inventory of climate-relevant data 
and projects w'ithin NASA, and a set of recommendations 
for future research initiatives, among other activities. 

• New regional maps developed by NOAA allowed the 
General Services Administration (GSA) to complete 
an initial high-level assessment of its vulnerabilities to 
climate change across the country. 


Figure 1 /. National Adaptation Strategies. Images of the 201 1 National 
Action Plan: Priorities for Managing freshwater Resources in a Changing 
Climate and the Public Review Draft of the National Fish, Wildlife, and 
Plants Climate Adaptation Strategy. 
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Best Practices and Lessons Learned Parse Menu of 
Adaptation Options 

Increasingly, decision makers are adopting an array of climate 
adaptation policies, plans, and actions. Moving forward, it 
will be critical to evaluate what works, what fails, and where 
more scientific support is nc^eded. USCCRP is working to 
meet this need by monitoring and evaluating adaptation 
actions taking place on the ground. This will help decision 
makers determine whether their adaptation actions are 
successful and how they can be enhanced. 

In March 2012, USGCRP's Adaptation Science Workgroup 
developed a bibliography of best practices {expected to 
be published and referenced in the next NCA in 2013) for 
monitoring and evaluating adaptation actions. The bibliog- 
raphy is the first step of an ongoing project that will: 

• Mine literature for examples of strategic planning, 
indicators, performance measures, and evaluation of 
climate adaptation actions; 

• Capture the knowledge of practitioners who are engaged 
in implementing and evaluating climate adaptation 
activities through interviews; and 

• Provide a suite of products such as performance measures, 
best management practices, and lessons learned to help 
practitioners better evaluate their adaptation efforts. 

Agencies Collaborate to Help U.S. National Parks Adapt 

USGCRP agencies including DOI's USCS and National Park 
Service (NPS), USDA's Forest Service, in collaboration with 
other partners have jointly analyzed the vulnerability of six 
United Stales National Parks to climate change impacts. 
Analysis of 13 additional Parks is currently underway. 

The analyses examine the three components of vulner- 
ability (exposure, sensitivity, and adaptive capacity), across 
species, ecosystems, cultural resources, and infrastructure 
in each Park. Analysis results are now being used to identify 
particularly vulnerable areas and potential areas of refuge, 
develop adaptation measures, and prioritize areas for 
adaptation action. As a result of this effort, peer-reviewed 
scientific articles or government technical reports have been 
published on the following topics: 

• Coastal ecosystems in 22 national parks, desert south- 
west species in Bryce Canyon National Park, Cedar 
Breaks National Monument, and Zion National Park; 

• Forest ecosystems in Olympic National Forest and 
Olympic National Park; 


• Joshua trees in joshua Tree National Park; 

• Pacific coast ecosystems in Point Reyes National 
Seashore; and 

• Tropical ecosystems in Hawaii national parks. 

Analyses in progress examine a range of ecosystems in 
Sequoia, Kings Canyon, Yosemite, and Badlands National 
Parks as well as Sequoia National Forest and other locations 
{Figure 12). 

New Adaptation Tools for Water Resource Managers 

USGCRP is supporting natural resource managers and 
region-based decision makers with tools, applications, and 
case studies to inform adaptation strategies. 

Through its Carolinas integrated Sciences and Assessments 
{CISA) program based at the University of South Carolina, 
NOAA and partners are working with regional stakeholders 
to incorporate climate information into water and coastal 

Figure 12. Analyses by NPS. USCS, USDA Forest Service, and the Uruver- 
sily of California provide data to Sequoia, Kings Canyon, and \bsemi(e 
National Parks and Sequoia National Forest to adapt fire management 
under climate change (Photo by Patrick Comalez). 
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management decisions. C!SA has already developed the 
Caroiinas Dynamic Drought Index Tool to display multiple 
drought indices over different time scales and across user- 
specified regions (Figure 13). The tool is currently being 
refined and transferred for use by NOAA's regional climate 
centers. 

The Environmental Protection Agency (EPA) has developed 
two additional assessment tools, the BASINS Climate Assess- 
ment Tool (BASINS CAT) and the Water Erosion Prediction 
Project Climate Assessment Tool (WEPPCAT), to foster the 
use of existing water simulation models to understand the 


effects of climate change on water resources. A series of six 
case studies has been conducted to illustrate the capabilities 
of these tools for real world problem solving (see Figure 14). 

EPA also reported on the activities of four domestic water 
utilities to evaluate their potential vulnerability to climate 
change. These additional case studies illustrate a range of 
issues being faced by U.S. water utilities and approaches 
being taken to assess vulnerabilities to climate risks. The 
case studies will be shared with water sector stakeholders, 
who will help identify additional scientific and technical 
needs to support such vulnerability assessments. 


Figure !3. luly 2002 Monthly Palmer Drought Severity Index fPDSI) maps. Source: http://www.cha.5C.edu/ 
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Other valuable adaptation tools have been developed by Chang e, a system that quantifies the relative impacts of 
USDA's U.S. Forest Service (USFS) and DOi's NPS for vulner- expected climate change effects for terrestrial vertebrate 
ability, including; Scanning the Conservation Horizon, a species; and Responding to Clim ate Change in National 
guide to climate change vulnerability assessment; A System Forests, a guidebook for developing adaptation options. 


Figure 14. joint vulnerability <wessmen(s by the USDA's Forest Service and DOI's National Park Service. Image: Patrick Conzaler., NPS. 
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2.4 CONDUCT SUSTAINED ASSESSMENTS 


Goal 3 — Conduct Sustained Assessments: Build sustained 
assessment capacity that improves the Nation's ability 
to understand, anticipate, and respond to global change 
impacts and vulnerabilities: 


The Globai Change Research Act of 1990 requires USGCRP 
to conduct a National Climate Assessment (NCA) every four 
years. USGCRP also coordinates Federal participation in 
international assessment efforts such as those led by the IPCC. 

Here, "assessment" refers to the syntheses of peer-reviewed 
and other credible literature that summarize current scientific 
understanding of global change. Some, such as USGCRP's 
NCA, are focused on specific geographical regions, while 
others are focused on specific aspects or impacts of global 
change. The best-known international assessments — IPCC 
Assessment Reports — cover the field very broadly. The effort 
required to produce such assessments i.s immense, but yields 
highly valuable sources of credible information tor use by 
scientists and decision makers worldwide. Assessments are 
also important sources of information for members of the 
media and public who are seeking up-to-date information 
about the state of global change and projections for the future. 

A major new goal for USGCRP is to strengthen and advance 
the Program's capacity to conduct assessments on an iterative 
and sustained basis, rather than at widely spaced multi-year 
intervals. The Program is building upon its demonstrated 
ability to produce periodic assessments by developing a 
process that will ultimately enable continuous and trans- 
parent participation of scientists and stakeholders across 
regions and sectors. 

THE NATIONAL CONTEXT: USGCRP's National Climate 
Assessment (NCA) is widely recognized as one of the most 
robust, authoritative sources of information alx>ut the current 
status of the United States climate, climate changes, climate 
change impacts, and anticipated trends. Local and stale 
governments, tribes, businesses, and the public regularly 
Lise Assessment findings to plan and strategize for the future. 

The NCA integrates scientific information from a wide range 
of credible sources to highlight key findings of significance 
and important knowledge gaps. It also establishes consistent 
methods for evaluating climate vulnerabilities, impacts, and 
response strategies. 

USGCRP has begun to approach its NCAs as an ongoing, 
or "sustained," effort, rather than periodic report-writing 
activity. For example, the Program is focusing considerable 


attention on building long-term partnerships with public and 
private sector organizations, and on establishing a strong 
stakeholder engagement process to support the development 
and release of future NCA products. 

THE INTERNATIONAL CONTEXT: The long-term strength 
of globai change research depends on intimate engagement 
with international efforts, including international climate 
assessments. 

USGCRP-supported researchers continue to play important 
roles in the development of several major international 
assessments, including the forthcoming IPCC 5th Assess- 
ment Report. They are lead authors, reviewers, and working 
group co-chairs. They also provide technical support and 
scientific expertise as revievv-ers to IPCC assessments and 
other international projects. 

USGCRP also ensures that U.S. interests are represented 
internationally, where appropriate. For example, the Program 
coordinates and supports U.S. participation in and review 
of the IPCC's global assessment of the climate, the Arctic 
Climate Impact Assessment, and the Scientific Assessment 
of Ozone Depletion. 

Finally, USGCRP collaborates with neighboring nations to 
achieve common goals related to water resources, shifting 
habitats, transportation, and other sectors impacted by 
global change. The United States benefits from such scien- 
tific diplomacy because it creates new opportunities for 
leveraging of resources, knowledge sharing, and efficiency. 



Development of the 2013 National Climate Assessment 
Continues 

In early 2012, The National Climate Assessment's Federal 
Advisory Committee selected more than 240 authors from 
academic institutions, non-governmental organizations (NGO), 
and the public and private sectors to write the 201 3 Assess- 
ment report. These authors completed first draft chapters in 
June 2012 and have continued to conduct revisions prior 
to the release of the final report in early 2014. In addition, 
30 review editors will be selected to ensure that comments 
and edits identified through the National Research Council, 
USGCRP agencies, and general public review are adequately 
addressed in the spring of 201 3. 
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In an important new step, authors of the 2013 NatiCBial Climate 
Assessment will be delivering the report in a Web-based 
format (an e-book). Though this has placed significant new 
demands on Assessment authors, tremendous benefits are 
expected as a result, including significantly greater trace- 
ability and accessibility of assessment data. 

Dozens of Technical Reports to Inform 2013 National 
Climate Assessment 

USGCRP agencies have coordinated development of more 
than 25 technical reports that provided important foundational 
input to the 2013 National Climate Assessment, including: 

• Ecosystems, Biodiversity, and Ecosystems Services: This 
report, developed by USGS, other USGCRP agencies, and 
external partners, explains current and projected future 
impacts of global change on biodiversity, ecosystem 
processes, and ecosystem services. 

• Urban Infrastructure and Vulnerability: Two reports, by 
DOE and NOAA respectively, tackled the challenge of 
assessing and predicting climate change impacts on 
the Nation's cities and urban areas-which are home to 
more than 80 percent of the U.S. population. 

• Energy-Water-Land: An interdisciplinary team led by 
DOE developed a report describing potential impacts 
of climate change on the Nation's competing needs for 
water, energy, and land-use sectors. 

• Coastal Zone, Development, and Ecosystems: NOAA 
and USGS supported development of a report that 
summarizes recent information on the effects of climate 
change on coastal resources. 

• Northeast Region: NOAA and NASA convened a 
workshop of Federal, state, and other stakeholders to 
develop a technical report on climate variability and 
change, impacts, and adaptation efforts in the region 
spanning from Maine to West Virginia. 

New Global Change Scenarios to Inform Projections for 
the Next Century 

The Global Change Research Act of 1990 requires that 
National Climate Assessments include projections of global 
change for the next 25 to 1 00 years. To meet this requirement 
for the 2013 Assessment, USGCRP developed a scenarios 
strategy that was implemented in FY 2012. Scenaric* provide 
a consistent framework for projecting future conditions. The 
strategy designates two well-established iPCC scenarios for 
greenhouse gas emissions (SRES B1 and A2) as the minimum 
set for author teams to consider when preparing the 2013 


Assessment. USCCRP's strategy also led to the development 
of new scenarios tailored for use by the NCA in key areas, 
including: 

• Climate - NOAA led the development of a set of plausible 
representations of future climate conditions, based on 
the greenhouse gas emissions scenarios mentioned 
above, for each of the eight NCA regions as well as the 
Nation as a whole. 

• Sea Level - Multiple agencies and external partners 
developed new sea level change scenarios, including 
estimates of future global average sea level from 
processes such as melting of ice sheets, and descriptions 
of anomalies along United States coastlines resulting 
from land subsidence. 

• Land Cover, Land Use, and Socioeconomic Factors - 

EPA's Integrated Climate and Land Use Scenarios project 
and USGS' National Land Cover Database informed 
projections of socioeconomic change (e.g., urbanization) 
and the extent and distribution of land use categories 
resulting from climate change and other factors. 

2013 NCA Receh'es Unprecedented Input from 
Stakeholders and Public 

A broad engagement process was launched in FY 2010 
to solicit stakeholder input to the 2013 National Climate 
Assessment report and has succeeded in attracting input 
from many diverse groups. For example, in response to an 
FY 201 1 public "Request for Information," more than 1 30 
teams submitted more than 500 discrete technical input 
products for consideration in development of the 2013 report. 

During FY 201 1 and FY 2012, USGCRP coordination staff, 
agency representatives, and partners convened more than 
70 workshops, listening sessions, and discussions to invite 
input from a broad range of groups. Also in FY 201 2 USGCRP 
launched, "NCAnet," a network of partners that connects 
the National Climate Assessment process to interested 
professional societies, and members of the public, private, 
academic, and non-profit sectors, 

2009 NCA, Global Climate Change Impacts in the 
United States Report, Redeployed Online 

In 2011, the 2009 NCA - Clohal Climate Change Impacts 
in the United States - was redeployed on the web (Figure 
1 5).’’ This activity allowed USGCRP to test new methods of 
searchability, transparency, and data access for the NCA, and 


” USGCRP, 2009: GlcAai Climate Change impacts in the United States, 
online website: hRp://nca2009.globalduinge,gov. 
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Figure 15. Redeployment of the 2009 Global Climate Change Impacts 
in the United Slates Report. This online access allows for stakeholders to 
navigate the report in a more interactive manner. 


to receive feedback from key groups. While this redeploy- 
ment was a trial effort, initial feedback has been positive 
and will help inform the development of forthcoming 2013 
NCA products and the larger (Global Change Information 
System (COS) effort. 

United States Provides Key Support to IPCC fifth 
Assessment Report (AR5) 

Intergovernmental Panel on Climate Change (IPCC) assess- 
ments are the most comprehensive, scientifically credible 
products that review current knowledge of climate change, 
its impacts, and associated adaptation and mitigation options. 
Unlike USGCRP's National Climate Assessment, which focuses 
on the United States, IPCC Assessment Reports are global 
in scope, and include discussions of mitigation options. 

USGRCP contributes to the IPCC through agency scientists 
who act as authors, reviewers, and editors for Assessment 
Reports and Special Reports. 

In addition, the USGCRP hosts a support unit for the IPCC 
that is responsible for managing the funds that enable 
participation of U.S. authors and contributors to IPCC's 
Fifth Assessment Report. USGCRP, the Department of State 
(DOS), and others are also responsible for hosting U.S. 
author nominations and government and expert reviews of 
IPCC special reports, including Renewable Energy Sources 
and Climate Change (SRREN) and Managing the Risks of 
Extreme Events and Disasters to Advance Climate Change 
Adaptation (SREXj. 


2.5 COMMUNICATE & EDUCATE 


Goal 4 -^Communicate and Educate: Advance communi\ 
catidrts and education to' broaden public understanding 
of global change and develop the scientific workforce 
of the future. 


USGCRP's new decadal research plan identifies Communicate 
and Educate as one of four key strategic goals. This is an 
explicit recognition of the importance of keeping the public 
informed about societaily-relevant global change science, 
of showing taxpayers and members of Congress the results 
and value of their research investments, and of cultivating a 
national workforce with the skills and knowledge to address 
the challenges and opportunities posed by global change. 

A rapidly growing body of social science, education 
research, and public surveys show that communicating 
research results in plain English and tailoring communica- 
tions to the interests and needs of specific audiences are 
important components of broadening public understanding 
of science. Global change education is also essential for 
producing the next generation of scientists, researchers, and 
technical professionals who will ultimately be responsible 
for confronting the challenges of global change. Because of 
their direct societal relevance and focus on multidisciplinary 
science issues, global change education programs may also 
help draw students into science, technology, engineering, 
and mathematics (STEM) fields generally — a major benefit 
to the Nation's global competitiveness. 

USGCRP has a long history of producing highly relevant and 
authoritative science products. Now the Program is working 
to improve communication of those products to the broadest 
possible set of users, including the public. Better coordina- 
tion across Federal agencies will ensure that global change 
communication activities use the highest quality science 
information, are consistent and efficiently deployed, and 
reach diverse audiences. 
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Agencies Communicate Record-Breaking Extreme 
Weather to Americans 

Recent surveys show that American views on climate change 
are shaped, in large part, by personal observations of tempera- 
ture and weather phenomenal® Other studies show that a 
large majority of Americans report personally experiencing 
at least one extreme weather or natural disaster in the year 
preceding March 2012 and that more than one-third of 
Americans report having been personally affected by one 
or more such eventsT* 

USGCRP is responsible for communicating scientific 
information about global change to American citizens In 
meaningful ways, in the context of topics that matter to 
them. That's why USGCRP agencies are engaged in several 
activities to communicate information on the recent surge 
in extreme weather events clearly, accurately, and to the 
broadest possible set of audiences. For example: 

• NOAA hosts monthly public climate webinars featuring 
expert scientists who summarize climate and weather 
observations from the preceding month, and provide a 
three-month climate outlook in plain English. 

• NASA releases near-real-time satellite images of severe 
and extreme weather, such as "Tropical Storm Isaac 
by Night" — a captivating image of Hurricane Isaac 
over the Gulf Coast of the United States captured by 
the Suomi NPP satellite that quickly went viral on the 
Internet (Figure 16). 

• USDA releases regular Agricultural Weather and Drought 
updates on its widely viewed blog, which feature the 
latest maps of drought-affected areas of the United States 
and clear accompanying explanations of observed trends 
for lay audiences. 


Borick, C. and Rabe, B, 201 1 . 'Tail 201 1 National Survey of American 
Public Opinion on Climate Change." Brookings Institution. Issues in 
Governance Studies (44). 

” Leiserowitz, A., Maibach, E., Roser-Renouf, C., & Hmielowski, J. D. 

(201 2) Extreme Weather, Climate & Preparedness in the American Mind. 
Yaie University and George Mason University. New Haven, CT: Yale 
Project on Climate Change Communication. 


Federal Web-Based Climate Communications More 
Effective than Ever 

fn 2012, USGS' online Climate Connections video series 
won a Blue Pencil and Gold Screen Award in the category 
of "Public Affairs Program" from the National Association 
of Government Communicators (NAGC). The series features 
scientists answering questions gathered from people across 
the Nation and highlights what people want to know, from 
locations they recognize. Thus far, USGS has published 
episodes of the Climate Connections series from North 
Carolina, South Carolina, Puerto Rico, Glacier National 
Park, and Washington, D.C. 

Also in 2012, USGCRP launched a revamped online Resource 
library for easier, more intuitive access to Federal global 
change resources, including publications, reports, educational 
materials, and fact sheets. The revamped Resource Library 
provides free and easy access to more than 100 products 
containing data and information on climate change, many 
of which are used by schools, colleges, nonprofit organiza- 
tions and other institutions seeking reliable global change 
information sources at little to no cost. 

Finally, the NASA climate website (climate.nasa.gov) won the 
"Best Science Site" Webby Award in 201 1 . The main NASA 
portal (www.nasa.gov), which won two Webby Awards in 
201 2, also highlights climate and Earth system science on a 
routine basis. These sites are a powerful tool that USGCRP 
harnesses to communicate climate science to the public. 

New Science Centers to Offer Week-long Climate "Boot 
Camp" for Students 

DOI is currently establishing eight Climate Science Centers 
across (he Nation to provide scientific support for those 
who manage natural and cultural resources and need to 
plan for a changing climate. When fully established, the 
Climate Science Centers will support more than 50 graduate 
students and post-doctoral candidates per year to work 
on issues directly related to climate change management 
challenges. To complement coursework and research activi- 
ties, the Centers are also developing innovative education 
approaches such as a week-long "Climate Boot Camp" for 
students and managers at the Northwest Climate Science 
Center, and a two-week intensive short course on climate 
downscalingat the Alaska Climate Science Center. Both will 
combine classroom learning with real-world experience and 
interactions with managers on the ground, 
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Growing Network of Citizen Scientists Provides Data on 
Nature's Changing Calendar 

Scientists are increasingly turning to members of the public 
for help conducting phenology research — the study of 
plant and animal life cycles, or "nature's calendar." These 
"citizen scientists" are mobilizing to record and report 
climate-relevant observations that scientists can't track as 
comprehensively on their own, including the shifting timing 
of flower blooms, leaf fall, animal reproduction, species 
migration, crop maturation, and insect emergence. 

An effort to incorporate the work of citizen scientists into 
the phenology research community is being coordinated 
through the USA National Phenology Network (USA-NPN) 
in close collaboration with USGS, other U5GCRP agencies, 
and external partners. This effort greatly expands the Nation's 
capacity to collect phenologicai observations across the full 
range of geographic and time scales. 


Approximately 4,000 people have registered to track the 
activity of nearly 16,000 plants and animal species across 
the Nation — and the number is growing. The NPN provides 
scientists, resource managers and decision makers with a 
more comprehensive view of the pace and patterns of pheno- 
logicai change. This information is particularly valuable to 
farmers and gardeners who must decide when to harvest 
crops, managers who must anticipate drought and wildfire 
risks, and public health officials who must track the onset 
of allergy seasons. 

Agency Funds Support Climate Literacy among 
Midwestern Farmers 

In 201 1 USDA made a 5-year, $20 million grant to iowa 
State University to integrate research, extension, and 
education on climate change adaptation and mitigation 
for farmers across eight Midwestern states. As part of this 
project, extension and education programs will work with 


Figure 16. Tropical Storm Isaac by Night. Bxceptionally crisp nighttime images of Hurricane Isaac as it made landfall in August 2012 were made 
possible by the Suomi Nationn! Polar-orbiting Partnership satellite (NPP). Photo Credit: NASA Observatory. 
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2.6 INTERNATIONAL RESEARCH 
& COOPERATION 



Figure 17. /A small dam, terraces, buffer strips, and grass plantings are 
part of a conservation project to improve the quality of water entering 
Union Grove Lake in Tama County, Iowa. Photo credit: USDA-NRCS. 


farmers, teachers, and students to promote climate literacy 
and collaborative learning. 

An Iowa Agricultural Educators survey^ of middle- and 
high-school teachers showed that nearly 70 percent of 
respondents think climate change is caused primarily or in 
large part by human activities. Nearly 92 percent said they 
are interested in educational curricula and other materials 
that focus specifically on climate change and agriculture 
in Iowa. 


” Aituckle, j. Gordon Jr., Daren S. Mueller, and Adam Sisson. 201 1 . 
Climate Change in the Classroom: A Survey of Iowa Agricultural 
Educators. CSCAP201 1 -1 . Ames, !A; Iowa State University Extension 
Sociology. Q pp.) 


USGCRP coordinates international activities related to 
glc^ai change occurring across Federal agencies, with the 
following goals: 

• Increase cooperation between U.S. scientists, institutions, 
and agencies and their international counterparts on 
topics related to global change; 

• Empower scientists and institutions in less developed 
countries to improve understanding of and responses 
to global change; 

• Promote international efforts to develop standards for 
data quality and accessibility at low cost; 

• Sustain and improve observations of the Earth system 
globally; and 

• Support international negotiations and overseas 
development assistance. 

ITie landscape of international research and cooperation is 
evolving rapidly. Organizations and governments at home 
and abroad are recognizing the growing need for scientific 
knowledge to better inform policy and decision making. 
USGCRP Is playing an integral role in providing such scien- 
tific knowledge and stands to significantly benefit from the 
knowledge and experience of partners around the world. 



Agencies Support Research and Tools to Reduce 
Agricultural Greenhouse Gas Emissions 

In 2009, USDA led Federal efforts to formally establish the 
Global Research Alliance (GRA) on Agricultural Greenhouse 
Cases, an international research collaboration to manage 
climate change. As of June 201 1 , 30 countries have signed 
onto the Alliance. In cooperation with United States Agency 
for International Development (USAID), USDA supports 
researchers in developing countries that participate in the 
Alliance by providing fellowship opportunities to work side- 
by-side with USDA scientists on climate change mitigation 
research. 

USDA also developed and released a Web-based book, 
Greenhouse Gas Reduction through Agriculiural Carbon 
Enhancement network (GRACEnet) Soil Carbon Sampling 
Protocols, to establish soil carbon sampling protocols across 
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many locations and within different agro-ecosystems. ITje 30 
countries currently participating in the Alliance are now 
considering adopting these protocols to enable comparison 
of soil carbon across space and time. 

USGCRP Showcases National Activities on 
International Stage 

USGCRP continues to participate in Planet Under Pressure, 
an international conference organized by leaders in the 
worldwide global change research community. The 2012 
conference focused on improving connections between 
natural sciences, social sciences, economics, decision making, 
and development to support responses to global change. 

USGCRP agencies contributed to s«isions, provided speakers, 
and exhibited at the conference. For example, NASA di^layed 
its "Hyperwai!" to demonstrate the global change commu- 
nications power of compelling visualizations {Figure 18). 

USGCRP agencies also showcased their work at the United 
Nations Framework Convention on Climate Change's 17* 
Convention of the Parties (COP-1 7) in South Africa. USAID, 
uses, USDA, NASA, and NOAA, for example, jointly 
showcased their Famine Early Warning System (FEWS), 
which provides climate information needed to prevent food 
insecurity, USDA also helped showcase the Presidential Feed 
the Future (FTF) Initiative, a $3.5 billion program designed 
to help countries fight hunger by investing in agricultural 
developments such as climate-resilient cereals and increased 
grain and legume productivity. 


Figure 18. NASA Hyperwall. At the Planet Under Pressure 2012 Confer- 
ence, NASA's hyperwall was showcased to demonstrate global change 
results visually. Photo Credit: NASA. 



2J CLiMATE CHANGED HUMAN HEALTH 

Climate change poses potentially serious challenges to human 
health, including increased heat stress mortality, increases in 
diarrheal disease, degraded air and water quality, changes in 
vector-borne disease patterns, more severe pollen seasons, 
and danger from more frequent extreme weather events. In 
addition to threatening human well-being, these challenges 
can also contribute to increased healthcare costs. 

In 2009, the National Research Council recommended that 
USGCRP strengthen its focus on integrating areas of high 
interest to decision makers, including climate change and 
human health, in direct response to this recommendation 
and in alignment with the Program's own strategic vision, 
USGCRP launched a cross-cutting initiative to better under- 
stand the impacts of climate change on human health both 
today and in the future. 


RECENT HIC,HLIC.Hr>. (.IIMATE I H\NGE 
AND HIAUN HEM7H 


With Climate Change, Longer Stronger Pollen Seasons 

Carbon dioxide (CO^) in the atmosphere directly affects 
plants by supplying the carbon they need for photosynthesis. 
In some cases, elevated CO^ levels can help plants grow 
faster — a potential boon when that plant is an agricuituraily 
important species, but COj does not discriminate between 
desirable and undesirable plants. That means that while 
there may be benefits to more rapid growth in species like 
forest trees, for example, there can be serious negative 
consequences when these growth spurts occur in other 
plants, like ragweed — a plant to which at least ten percent 
of the United States population is sensitive. 

A previous field study bv USDA scientists and partners found 
that both higher atmospheric CO^ levels and warmer tempera- 
tures — two key aspects of climate change— -"significantly 
influence" pollen production in common ragweed and can 
increase pollen concentrations in the atmosphere,” 


” Ziska, L. et al. 2003. “Cities as harbingers of climate change; Common 
ragweed, urbanization, and public health." journal of Allergy and 
Clinical Immunology. 11, 2, 

Ziska, L. eta!. 2011. "Recent warming by latitude associated with 
increased length of ragweed pollen seasi)n in central North America." 
Proceedings of the National Academy ofSciences. DOi; lO.lO/il/ 
pnas.1014107108. 
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in a more recent study. USDA researchers and collabora- 
tors found that in parts of North America, the ragweed 
pollen season is up to three weeks longer than it was in the 
mid-1990's because of climate change. “ 

Today, allergic disorders, including asthma, comprise the 
6th leading cause of chronic illness in the Nation. They 
affect more than 50 million Americans per year and cost 
the United States nearly $20 billion annually. 

Workshops Bridge Health, Climate, and Adaptation 
Communities 

Several recent outreach events convened diverse stakeholders 
to share knowledge, promote dialogue, and bridge gaps 
between health professionals, climate scientists, and decision 
makers on critical issues related to climate and health. 

In October 201 1 , USGCRP collaborated with the White 
House Office of Science & Technology Policy to convene 
climate adaptation planners from across the Federal govern- 
ment to identify linkages between climate change adapta- 
tion strategies, public health issues, and relevant resources. 

Also in October 201 1 , USGCRP participated in the Annual 
Meeting of the American Public Health Association, the oldest 
and largest annual gathering of public health professionals, 
which attracted more than 13,000 national and international 
public health specialists. USCCRP's Climate Change and 
Human Health working group hosted a listening session and 
a skills-development workshop as part of the conference's 
Learning Institute for professional development. Participants in 
the skills development workshop, Effectively Communicating 
the Human Health Impacts of Climate Change, indicated 
anecdotally that the course increased their understanding 
of climate change communications and provided relevant 
resources for future use. 

Finally, in 2012, USGCRP convened regional climate change 
and human health workshops in collaboration with NOAA, 
the Centers for Disease Control and Prevention (CDC), and 
the National Institutes of Health (NIH) in Charleston and 
Seattle. Each workshop convened 50 - 60 people to develop 
nuanced representations of regional climate change impacts 
on human health. The workshops were important venues 
for dialogue and yielded synthesis reports that will inform 
the 201 .3 National Climate Assessment. 


USGCRP Develops New Climate-and-Health Data Tool 

in 2012, USGCRP began development of the Metadata Access 
Tool for Climate and Health (MATCH), an interactive clear- 
inghouse of datasets and tools related to the human health 
impacts of global climate change. The MATCH project is 
a pilot data-integration effort that will inform development 
of a broader Global Change information System (GCiS). it 
presents a publically accessible user search interface for 
Federal datasets and allows for automated deposition of 
metadata into Data.gov and other existing Federal portals. 

A fully operational MATCH portal — expected over the next 
few years and in collaboration with CGIS — will allow Federal 
agencies, universities, researchers, and stakeholders to; 

• Analyze and integrate local, state, and national climate 
and human health data assets 

• Facilitate the integration of other datasets related to 
climate and human health; and 

• Integrate and link United States efforts to address climate 
change and human health concerns with international 
efforts such as CEO. 
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3. FY 2013 PRIORITIES 


3.1 OVERVIEW 

USGCRP's FY 2013 priorities are based on recommendations 
from stakeholders and the scientific community, including 
multiple National Academy reports on global change science 
and related human dimensions, the 2009 Global Climate 
Change Impacts in the United States report, a Pew Center 
report on the drivers of a coordinated Federal global change 
research program,^-* the National Adaptation SummiC^ report, 
and the National Academy of Sciences (NAS) America's 
Climate Choices reports, among others. 

ITiis suite of reports shared a common recommendation: that 
the Federal climate and global change research enterprise 
should focus sharply on acquiring information for more 
effective and more iterative risk management in the face 
of global and climate change and place stronger emphasis 
on building resilience within the human component of the 
Earth system. 

In response to this input and in support of the Program's 
new strategic goals, USGCRP has identified five priority 
areas of focus for FY 201 3: 

• Integrated Observations, Research and Modeling for 
Earth and Social Systems; 

• Adaptation Research; 

• Sustained Assessments; 

• Interagency Global Change information System; and 

• Communications, Education, and Engagement. 

USGCRP has also recognized that climate and global change 
impacts may be most evident when thresholds and tipping 
points are reached (e.g., outbreak of disease, collapse of 
ecological systems, proliferation of invasive species, ice-sheet 
collapse) and extreme events occur (e.g., tornadoes, droughts, 
floods, hurricanes). Therefore, thresholds, tipping points, 
and extremes have been selected as a unifying theme that 
cuts across all priority areas for FY 2013. 


** Center for Climate and Energy Solutions (formerly Pew Center for Global 
Climate Change), 2010, Adapting to Climate Change: A Call for Federal 
Leadership. http:/Avww.(:2es.org/piiblications.''ri*[)or(/a(lapling-to-climate- 
change-call-for-federat-leadership 

National Climate Adaptation Summit, 2010. li!ip://vvwvv.jos5. ucar.edu/ 
ev««s/201 0/ncas/ 

^erica's Climate Choices, hlfp/Znas-siles org/americasclimatcchoices/ 
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3.2 FY 201 3 PRIORITY AREAS 

Integrated Research, Observations, and Modeling for 
Earth and Social Systems 

USGCRP's FY 201 3 priority targets in the area of Observa- 
tions, Research, and Modeling include: 

• Support the continued availability and new develqament 
of key satellite and in situ observation data that are 
required to improve scientific understanding and climate 
modeling; 

• Conduct research to enhance understanding'of predictability 
and better characterize highly uncertain processes, 
feedbacks, and environmental parameters (e.g., carbon 
cycling, biosphere interactions, atmospheric aerosols, 
clouds, ice sheet mass balance, and ocean circulation); 

• Develop more comprehensive, highly-integrated models 
at spatialiy-relevant scales to increase understanding 
Earth systems and climate-related phenomena, and to 
inform adaptation and mitigation of climate inpacts; and 

• Develop mechanisms to incorporate human-system 
processes into models in order to improve scientiftc 
understanding, and enhance adaptation and mitigation 
capacities. 

Adaptation Research 

USGCRP's adaptation research in FY 2013 will emphasize 
anticipation and planning for thresholds, tipping points, 
and climate extremes, including research to: 

• Advance understanding of social and ecological tipping 
points and thresholds to help define options and limits 
to adaptation; 

• Integrate social, behavioural, and economic sciences 
(e.g. decision making under uncertainty, assessing 
adaptation trade-offs, costs of action vs. inaction) to 
improve understanding of human responses to rapid 
changes and extreme events; and 

• Determine the effects of multiple cross-sectoral inta-acting 
stressors on human and natural systems that affect 
resilience to tipping points, extremes and thresholds. 

USCCRP will also conduct fundamental work to support 
adaptation decision making by: (a) identifying flexible 
criteria for evaluating the effectiveness of near- and long- 
term adaptation options; (b) developing effective science 
translation strategies (e.g., methods to explain scientific 
jargon into laymen's terms) to expand translation capacity; 
and (c) mapping Federal science and decision support assets. 


Establish and Sustain Assessments 

The highest priority efforts related to the National Climate 
Assessment (NCA) in FY 2013 include: 

• Writing, reviewing, and revising the draft 2013 NCA 
report in response to comments by USGCRP agencies, 
National Research Council, and the public in the spring 
of 2013. The final release of the NCA report will occur 
in early FY 2014. Concurrently, as part of the ongoing 
assessment process, the NCA staff will begin developing 
targeted special reports and other products for release 
between major quadrennial Assessment efforts and for 
web-based deployment. Partners in the NCA Network 
("NCAnet") will help distribute key assessment findings 
to their stakeholders; 

• Advancing development of the first national system 
of physical, ecological, and societal indicators that 
communicate key aspects of the physical climate, 
climate impacts, vulnerabilities, and preparedness to 
inform decision makers. Specific goals of this effort are 
to 1) provide meaningful, authoritative climate-relevant 
measures about the status, rates, and trends of key physical, 
ecological, and societal variables to inform decisions at 
multiple scales; 2) identify climate-related conditions 
and impacts to help develop effective mitigation and 
adaptation measures; and 3) provide analytical tools for 
users to derive indicators for particular purposes, This 
effort will build on or leverage existing data, observations, 
model output, as well as extant indicator networks and 
systems. Stakeholder engagement in the development 
of the indicators will be a strong focus in FY 2013; and 

• Strengthening integration of land use and land cover 
scenarios, socioeconomic scenarios, and participatory 
scenario planning into future NCA processes and 
products; continually updating climate and sea level 
change scenarios as new scientific information becomes 
available; and incorporating global scenarios and related 
data from the IPCC's upcoming fifth assessment report 
into regional and sectoral assessments. 

Interagency Global Change Information System (GCIS) 

To meet growing public demand for timely, accessible, 
authoritative scientific information about global change 
and its impacts, USGCRP will work toward establishing a 
GCIS in FY2013. 

In its initial phase, the GCIS will provide enhanced acces- 
sibility, transparency, and utility of data related to the 2013 
National Climate Assessment report, including documen- 
tation and traceability of all relevant data sources. These 
steps will also directly respond to a recommendation by 
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the interagency Climate Change Adaptation Task Force to 
ensure scientific information about the impacts of climate 
change is easily accessible. 

Moving forward, the GCIS will evolve to incorporate broader 
sets of data, information, applications, tools, and services and 
disseminate that information more rapidly and to broader 
set of audiences. 

Communication, Education, and Engagement 

In April 2012, USGCRP launched a new Interagency Commu- 
nications & Education Team (ICE-t) to advance the Program's 
goal to Communicate & Educate. The Team's working vision 
is to: build and cultivate an attentive, conversant public 
who understand the reality, causes, and costs of climate and 
global change as well as the options for effective response. 

Priority communication, education, and engagement activi- 
ties for USGCRP in FY2013 include: 

• Strengthen the application of social science research 
to Federal global change science communications and 
education. Through the ICE-t, USGCRP has launched 
a new expert engagement series called "Outside-In," 
to increase exposure of Federal communicators to 
emerging social science research related to climate 
change communications and education. USGCRP has 
already hosted three Outside-In events featuring social 
science experts from George Mason University, Yale 
University, and Stanford University; 

• Strengthen communications about the relationship 
between climate change and extreme weather events. 
Through the iCE-t, USGCRP is developing plans to 
create communications materials about connections 
between various extreme weather events and the larger 
climate system with the goal of being ready to deploy 
those materials during or soon after an extreme weather 
event occurs; 

• Support communication, education, and outreach related 
to the 201 3 National Climate Assessment. USGCRP will 
prioritize the development of communications materials, 
outreach events, and engagement opportunities to 
deploy scientific information contained in the new NCA 
to broad and diverse audiences. Specifically, the ICE-t 
will provide strategic communications guidance and 
input to support dissemination of the 2013 Assessment; 

• Apply communication and education expertise to 
development of a Global Change Information System 
(GCIS). USGCRP will make it a priority in FY2013 to 
develop the GCIS as not only an information system but 
also a communications tool. This will include engaging 
communications and education specialists in the design 


and implementation of the GCIS, including its visible 
user interfaces and the narrative and visual content it 
will disseminate; and 

• Strengthen USGCRP's web presence. Clobalchange. 
gov and the web generally are key communications 
interfaces for USGCRP. In FY2013, the Program 
will prioritize activities to make globalchange.gov a 
more intuitive, engaging, and informative website by 
increasing the frequency with which new content is 
posted, improving the design of the homepage, and 
testing new web-based communication platforms (i.e., 
social media) for dissemination of scientific information 
to diverse audiences. 
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4. BUDGET HIGHLIGHTS 


The FY 201 3 budget request for USGCRP programs is $2.7 
billion — an increase of approximately 7 percent over the 
2012 enacted level. This increase reflects the needs discussed 
formerly and represents a commitment by the Administra- 
tion to ensure that the USGCRP can fulfill its responsibilities 
under the law. 

It is important to remember that the budget crosscut table 
r^resents those funds self-identified by the USGCRP agencies 
as their contributions to the USGCRP. The budget crosscut 
does not include the costs of many agency investments that 
are directly relevant, and indeed necessary, to the ability of 
the USGCRP to address national objectives related to climate 
and global change {e.g., many of the observing networks 
and satellite systems so critical to documenting trends were 
originally carried out by their sponsoring agencies for current 
operational purposes, and those are not typically included 
in the budget crosscut). 
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4.1 BUDGET BY AGENCY 

Table 1: TV 2011-2013 U.S. Global Change Research Program Budget by Agency 


Agency,' 

FY2011 Budget Enacted 
($M) 

'i^Y 2012 Budget Enacted 
{$M) , 

FY 2013 Budget Requested 

, , , 

Department of Agricuifure (USDA) ' . ■ 


115.0 , 

122.6 

Department of Commerce (DOC) 

■341.9 

326:5. 

363.9 

Department of Energy (DOE) 

'1 8&5 ;.■'::■ . - ^■' ';■ ■^■■'r 

211;5 

'230.5'. , i :;' 

Deparhnent of Health and Human Services (HHS) 


6.0 

'6'.0 , ' 3;- ' 

Department of the interiortDOl) 


58.9 , , , 

67.7 . ' , 

Department ofTransportetion (DOT) 


.T.4' 

1,5 \ 

Environmental Protection Agency (EPA) 


18.3 

20.3, 

National Aeronautics and Space Administration (NASA) ■ 


1422.0 • 

1522.0 

National Science Foundation (NSF) 

321v3.'v:v-'-:';';v;:H:;:vy;-: 

333.4 

332.9 , 

Smithsonian Institution (SI) 

■7.0.':;';'y''v:;u-'vy;";f' ■:, 

8.0 

'8.0, - , yy;::yp.y:;y 

{U:S< Agency for Internalional Development (USAID)) 


10.0 

,10.0 • . '"'T",""'.',''' ■ 

TOTALS 

2490.2 V;l;\ 

2511.0 . 

•2685.5- 
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4.2 BUDGET BY GOAL & PROGRAM ELEMENT 


Table 2: TY 20! 1-2013 U.5. Global Change Research Program Budget by Goal and Program Element 


Program Element 

Description 

8udgets{$M) 

Ageneyfies) 

FY 2011 
Budget 
Enacted 

: FY2012 
Budget 
Enacted 

FY2013 

Budget 

R^uested 

GOAL 1: ADVANCE 
nattira 

SCIENCE - Advance scientific knowledge of the integrated 
and human components of the Earth system. 

: 2073,7 

2094.6 

. 2243.3' , 

USOA, DOC, DOE, 
HHS, DO!, DOT, ERA, 
NASA, NSF, SI 

Integrated Earth 
Observations 

Funds capabilities to observe the physical, chemical, 
biological, and human components of the Earth systwn 
over multiple space and time scales to gain fundamental 
scientific understanding and monitor important variations 
and trends 

1252.3 

1221.5 

1348.4 

USDA, DOC, DOE, 
HHS, ERA, NASA, 
NSF, SI 

Multidisciplinary 
Scientific 
Understanding of 
Earth Systems 

Funds research that contributes to advancing the 
fundamental understanding of the physical, chwnical, 
biological, and human components of the Earth system, 
and the interactions among them, to improve knowledge 
of the causes and consequences of glc^l change 

667.3 

719.7 

729.8 

USDA, DOC, DOE, 
HHS, DOI, DOT, ERA, 
NASA, NSF, St 

Integrated Earth 
System Modelirtg 

Funds activities that contribute to improving and 
developing advanced models that integrate across the 
physical, chemical, biological, and human components 
of the Earth system, including the feedbacks among them, 
to represent more comprehensively and predict more 
realistically global change processes 

154.1 

153.4 

165.1 

USDA, DOC, DOE, 
NSF 

COAL 2: INFORM DECISIONS - Provide the scientific basis to inform and 
enable timely decisions on adaptation and mitigation. 

371.4 

375.1 

.■.397;7, 

USDA, bOC.HHS, 
DOi, bOTEPA, 

' NASA, NSF ■ 

Adaptation Science 

Funds activities that contribute to improving the research, 
application, and deployment of science that is specifically 
designed to inform adaptation decisions 

126.3 

113.5 

134,6 

USDA, DOC, HHS, 
DOt, DOT, EPA, NSF, 
USAID 

Global Change 
Information 

Funds activities that contribute to the advancement of 
capability to store, access, visualize, and share data and 
information about the integrated Earth-Human systems 
as well as fund the development of tools and scientific 
basis to support an integrated system of global change 
information to support decision making. This leverages 
much greater investments in collecting observational data. 

245. 1 

261.6 

263.1 

USDA, DOC, HHS, 
DOT, NASA 

GOAL 3: CONDUCT SUSTAINED ASSESSMENTS - Build sustained assessment 
capacity that Improves the. Naan's ability to understand, anticipate, and 
respond to global diange impacts and vulnerabilities. 


29.7 

"■ 34.7: 

USDA, DOC, HHS, 
DOI, EPA 

Conduct Sustained 
Assessments 

Funds activities that contribute to building a sustained 
assessment capacity that improves the nation's ability to 
understand, anticipate, and respond to global change 
impacts and vulnerabilities 

B 



USDA, DOC, HHS, 
DOI, EPA 

GOAL 4: COMMUNICATE AND EDUCATE - Advance communication and 
education to broaden public understanding of global change and develop the 
scientific workforce of the future. 

11.0 

n.6 

9.8 

USDA, DOC, DOE, 

, HHS, NSF, SI ' 

Communicate and 
Educate 

Funds activities that contribute to advancing 
communications and education to broaden public 
underslanciing of global change, and deveic^ the sciCTitific 
workforce of the future 

11.0 

11.6 

9,8 

USDA, DOC, DOE, 
HHS, NSF, S! 

USGCRP BUDGET CROSSCUT TOTAL 

2490.2 

2511.0 

2685.5 

USDA, DOC, DOE, 
HHS, DOI, DOT, EPA, 
NASA, NSF, SI, USAID 
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4.3 BUDGET BY AGENCY & PROGRAM ELEMENT 

Table 3 .' TV 201 1-2013 US. Global Change Research Program Budget by Agency and Program Element 


FY 201 1 Budget 
Enacted 

Goal & Program Element 

Agency Name 

GOALT ' 

COAL 2 

GOAL 3 

COAL 4 

TOTALS 

Integrated 

Earth 

Observations 

Multidisciplinary 
Scientific 
Understanding of 
Earth Systems 

intei^ated 
Earth Systnn 
Modeling 

Adaptation 
\ Science 

Global 

Change 

Information 

Conduct 

Sustained 

Assessments 

Communicate 
and Educate 

USDA 

2,2 

35.4 

3.26 

27.7 

1.8 

12.4 

3.2 

85.9 

DOC 

121,6 

85.6 

31.2 

31.4 

62.4 

7.0 

2.7 

341.9 

DOE 

50.0 

57 

79.3 

0.0 

0.0 

0,0 

0.2 

186.5 

HHS 

0.7 

3.2 

0.0 

0.5 

0.9 

0,4 

0,3 

6.0 

DOI 

0.0 

28.5 

0.0 

2S.9 

0.0 

10.0 

0.0 

64.3 

DOT 

0.0 

0.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

EPA 

i.S 

8.9 

0.0 

5.8 

0.0 

4.2 

0.0 

20.5 

NASA 

995.0 

256.0 

0.0 

0.0 

180.0 

0.0 

0,0 

1431.0 

NSF 

81.0 

185.5 

40.3 

10.0 

0.0 

0,0 

4.5 

321.3 

Si 

0.3 

6.S 

0.0 

0.0 

0.0 

0,0 

0,2 

7.0 

USAID 

0,0 

0.0 

0.0 

25.0 

0.0 

0.0 

0.0 

25.0 

PROGRAM 

ELEMENT 

TOTALS 

1252.3 

667.3 

154.1 

126.3 

1 

245.1 

34.0 

ii;i ! 

2490.2 

GOAL TOTALS 

2073.7 

371.4 

34.0 

11.1 

FY 2012 Budget 
Enacted 

Coal & Program Element 

AgencyNaiOe 

GOAL 1 

GOAL 2 

GOAL3 

GOAL 4 

TOTALS 

Integrated 

Earth 

Observations 

Multidisciplinary 
Scientific 
Understanding of 
Earth Systems 

Integrated 
Earth System 
Modeling 

Adaptation 

Science 

Global 

Change 

Information 

Condud 
Sustained : 
Assessments 

;CDthiituRicate 
and Educate 

USDA 

2.4 

46.7 

9.3 

42.4 

1.2 

9.0 

4.1 

115.0 

DOC 

135.9 

69.6 

30.5 

19.6 

63.5 

5.1 

2.3 

326.5 

DOE 

71,0 

66.0 

74.3 

0.0 

0.0 

0,0 

0.2 

211.5 

HHS 

0.7 

3.2 

0.0 

0.5 

0.9 

0,4 

0.3 

6.0 

DOi 

0.0 

22.0 

0.0 

27.9 

0.0 

9.0 

0,0 

58.9 

DOT 

0.0 

1.4 

0.0 

0.0 

0.0 

0.0 

0.0 

1.4 

EPA 

1.5 

7.S 

0,0 

3.1 

0.0 

6.2 

0,0 

18.3 

NASA 

928.0 

298.0 

0.0 

0.0 

196.0 

0.0 

0.0 

1422.0 

NSF 

81.4 

198.2 

39.3 

10.0 

0.0 

0.0 

4,5 

333.4 

SI 

0.7 

7.1 

0.0 

0.0 

0.0 

0.0 

0.2 

8.0 

USAID 

0.0 

0.0 

0.0 

10.0 

0.0 

0.0 

0.0 

10.0 

PROGRAM 

ELEMENT 

TOTALS 

1221.6 

719.7 

153;4 

113.5 

261.6 

29.7 

11.6 

2511.0 

GOALTOTALS 

2094.7 . 375.1 

29.7 

11.6 
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TdWe 3 (continued) 


FV 2013 Budget 
R^uested 

Goai& Prbpani Element 

Agency Name 

GOAL1 

GOAL 2 

GOAL 3 

GOAL 4 

TOTALS 

Integrated 

Earth 

Observations 

Multidisciplinary 
Scientific 
Understanding of 
Earth Systems 

integrated 
Earth System 
Mod^ing 

Adaptation 

Science 

Global 

diange 

Information 

Conduct 

Sustained 

Assessments 

Communicate 
and Educate 

USDA 

2.2 

48.0 

9.0 

46.1 

0.9 

11.6 

4.8 

122.56 

DOC 

146.0 

76.8 

39.0 

243 

67.3 

7.7 

2.8 

363.9 

DOE 

74.0 

78.0 

783 

0.0 

0.0 

0.0 

0.2 

230.53 

HHS 

0.7 

3.2 

0.0 

0.5 

0.9 

0.4 

0.3 

6.05 

OOl 

0.0 

23.2 

0.0 

35.1 

0.0 

9.4 

0.0 

67.741 

DOT 

0.0 

1.5 

0.0 

0.0 

0.0 

0.0 

0.0 

1.52 

EPA 

1.8 

9.1 

0.0 

3.9 

0.0 

5.6 

0.0 

20.27 

NASA 

1040.0 

288.0 

0.0 

0.0 

194.0 

0.0 

0.0 

1522 

NSF 

83.0 

194.9 

38.8 

14.8 

0.0 

0-0 

1.5 

332.91 

SI 

0.7 

7.1 

0.0 

0.0 

0.0 

0.0 

0.2 

8.0 

USAID 

0.0 

0.0 

0.0 

10.0 

0.0 

0.0 

0.0 

10.0 

PROGRAM 

ELEMENT 

TOTALS 

1348.4 

729.8 

165.1 

134.7 

263.1 

34.7 •• 

9.8 

2685.1 


GOAL 

TOTALS 


2243.3 


397.8 


34.7 


9.8 
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APPENDIX A: OVERVIEW OF 
USGCRP 


USGCRP was established by Presidential initiative in 1989 
and mandated by Congress in the Global Change Research 
Act (GCRA) of 1990 in order to "assist the nation and the 
world to understand, assess, predict, and respond to human- 
induced and natural processes of global change. 

USGCRP operates as a unified Federal program that integrates 
the global change research capacities of thirteen Federal 
agencies and departments (Figure 1). The Program promotes 
close interagency coordination and streamlined develop- 
ment, translation, and deployment of scientific information 
related to global change. 

Over several decades, USGCRP research has substantially 
improved our understanding of global environmental changes 
and their effects on society. The Program continues to expand 
this fundamental understanding and supply scientific infor- 
mation to inform the Nation's response to global change. 


AJ VISION & MISSION 


'';yisibn - 

by science, meeting the challenges of climate 

'I ' and global char)ged0'^dddd^^^^^^^^^ 

humamresponses-iprClimateiertd'glC^aic^^ 

' through,'coc?rc/fba.fe'c^;and4ntejg'fa'f^ 
programs of fesearch^;edtic^i6h;. camrnunica- :- 
. tion, and decision support ' ' 


“ See hap://tibrarY.gk^lchange,gov/. 
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A.2 PROGRAM GOVERNANCE & MANAGEMENT 

USCCRP is steered by the Subcommittee on Global Change 
Research (SGCR) of the National Science and Technology 
Council's Committee on Environment, Natural Resources 
and Sustainability and overseen by the White House Office 
of Science and Technology Policy (Figure 19). 

In consultation with White House officials and the SGCR, 
USGCRP's Executive Director ensures that USGCRP meets 
all mandated requirements (Table A.1 ). 

USGCRP works closely with the SGCR and White House 
offices to establish research priorities in alignment with 
national priorities, budgetary planning, and GCRA require- 
ments. The Program also coordinates with other Federal 
interagency bodies such as the National Ocean Council 
(NOC), the interagency Climate Change Adaptation Task 
Force (ICCATF), and other Subcommittees of the CENRS 
to ensure that USGCRP’s work can be leveraged by other 
Federal groups working to prepare for or minimize the 
impacts of global change. 



figure 19: USCCRP Governance Structure 


Tiibh A. I : Global Change Research Act (CCRA) of 1990 Requirements 


Requirement 

Global Change Research Act of 1990 Requirement Description 

Program Governance 

Serve as the forum for developing the National Global Change Research Plan and for oyerseeihg its , 
implementation. 

Giqbai Change Research 
Coordination 

Imjsrove cooperation among Federal agencies and departments with respect to global change research 
activities.' 

Budget Coordination 

Provide budgetary guidance and advice as specified in section 105 of the GGRA.;-; 

Programmtitic Review 

Work with academic. State, industry, and other groups conducting gibba! Change research/ to 
for periodic public and peer review of the Program. 

International Research and 
Cooperation 

Cooperate with the Secretary of State in: (i) providing representation at infernatidnai meetings' arid ; 
conferences on global change research in w^ich the U.S. participates; and (ji) coordinating the 

Federal activities of the U.S. with programs of other nations and with internatibnal globai.Change 
research activities. 

Inform Response to Global 
Change 

Corisutt with actual and poter^tlal users of the results of the Program to ensure that such results are 
useful in developing national and international policy responses to global change. : 

Annual Report 

Report at least annually to the President and the Congress, through the OSTP Director, on Federal ;: 

, global change re^arch priorities, policies, and programs. 

National Global Change 
Research Plan 

The Plan shall contain recommendations for national global change research. ..and establish, the 
goals and priorities for Federal global change research. A revised Plan shall be submitted at least once 
every three years. 

Quadrennial Assessment 

Prepare and submit to the President and the Congress an assessment which (1 ) integrates, evaluates, 
and interprets the findings of the Pr^fam arid discusses the scientific uncertainties associated with 
such findings; (2) analyzes the of; global change on the iiatural environment, agriculture,, 

energy production and use, land and water resources, transportation, human health and w/etfare, 
human social systems, and biplt^ical dl^rsity; and (3) analyzes current trends in global change, both 
human- induced and natural, and projects major trends for the subsequent 25 to 1 00 years. 
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A.3 PLANNING & PRIORITIZATION 

USGCRP is currently developing a three-year implementation 
roadmap that describes near- and medium-term priorities 
as well as steps needed to accomplish longer-term goals. 
The roadmap will be updated periodically and will be used 
to inform development of a Revised Research Plan (RRP) 
for public comment and publication every three years. 
These triennial updates, which are mandated by the Global 
Change Research Act, will be based upon seif-evaluation and 
external evaluation and will reflect changing conditions and 
new information. The Program will continue to consult the 
National Research Council (NRC) for independent scientific 
perspectives and report progress to Congress and the public 
annually in Our Changing Planet. 

The Global Change Research Act (section 105) sets require- 
ments for USGCRP to develop interagency priorities that are 
linked to annual budget development. Each year, the SGCR 
develops a set of global change research funding priorities 
by identifying Program activities that fill critical scientific 
gaps or address evolving societal needs. These priorities are 


communicated in a memo that is used by USGCRP agencies 
as guidance in their individual budgetary and prioritiza- 
tion processes. The memo also provides a framework for 
effective communication between the SGCR and the White 
House Office of Management and Budget (OMB) on the 
topic of global change research, Detailed information about 
annual prioritization criteria is provided in the new 1 0-year 
Research Plan.^^ 


A.4 ORGANIZATION 

The Global Change Research Act mandates the develop- 
ment of a 10-year National Global Change Research Plan 
for USGCRP. The previous such Plan was published in 2003. 
The Plan for 2012-2021 identifies seven new programmatic 
and budgetary categories, or "Program Elements," that are 
described in Table A. 2. 


USGCRP, 2012. National Global Change Research Plan 2012-2012; 

A Strategic Plan for the U.S. Global Change Research Program http:// 
library.globalchange.gov/ti-s-global-change-research-ijrogram.Mrategic- 
pl3n-201 2-2021 


Table A. 2; Description of Program £/emenfs 


2012 Sbategic Plan Program Elements 

Budgetary Definition 

Program Element 1: Integrated 
Observations 

Funds capabilities to observe the physical, chemical, biological, and human components 
of the Earth system over multiple space aiid time scales to gain fundarnental scientific 
understanding and monitor important variations and trends. 

Pro^am Element 2: Multidisciplinary 
Earth and Human System 

Understanding 

Funds research that contributes to advancing the fundamental understandirig bf the physital/ ' > 
chemical, biological, and human components of the Earth sysferri* and the interad 
among them, to improve knowledge of the causes and consecjuehcesibf glqbat change^ 

Program Element 3: Integrated 
Mo&ling 

Funds activities that contribute to improving and developing advanced mpdel^ that Integrate 
across the physical, chemical, biological, and human components df the Earth system^ V ^ ^ 

including the feedbacks among them, to represent more comprehensively arid predict more 
realistically global change processes. 

I^ogram Element 4:.Science of 
Adaptation and Science to Inform 
Adaptation Decisions 

Funds activities that contribute to improving the research, application; arid deployment of , 
science that is specifically designed to inform adaptation decisions! 

Program Element 5: Global Change 
Information 

Funds activities that contribute to the advancement of capability to store, access/ visUaitze; ; 
and share data and information about the integrated Earth-Human systems, as \ye!l as fund : ; ; : 
the development of tools and scientific basis to support an integrated system of global change 
information/ informed by sustained, relevant, and timely data and information to support , 
decision making. 

Program Element 6: Assessments 

Funds activities that contribute to building a sustained assessment capacity that improves 
the nation's ability to understand, anticipate, and respond to global change impacts and 
vulnerabilities. . 

Program Element 7: Communication 
and Education 

Funds activities that coritribute to advancing communications and education to broaden 
public understanding of gl^al change, and develop the scientific workforce of the future. 
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Table A. 3 illustrates USGCRP's budget crosscut areas for 
FY 2010-201 3 and their alignment with the strategic goals 
described in USGCRP's new National Global Change Research 
Plan for 201 2-2021 . This alignment is critical to ensuring 
continuity of progress, ongoing support for priority efforts, 
and overall endurance of the Program. 


A.5 OPERATIONS 

USGCRP's primary mechanism for interagency coordina- 
tion is a set of interagency working groups made up of 
individuals from USGCRP's 1 3 member agencies and staff 
from the Program's National Coordination Office. USGCRP 


has recently developed a revised portfolio of interagency 
working groups to align with the new Research Plan for 
2012-2021, and is increasing the involvement of interagency 
working groups in priority setting activities. The revised 
portfolio will be evaluated periodically and modified as 
interim goals and objectives are accomplished, Table A. 4 
lists the current portfolio of interagency working groups and 
their corresponding activity areas. 


A.6 PURPOSE OF THIS REPORT 

Since 1989, USGCRP has submitted annual reports to 
Congress called Our Changing Planet. The reports describe 


Table A. 3: Budget Crosscut Areas' for FY 2010. FY20tT. & fY2013 


FY2010 

Budget Crosscut Areas 
(based on 2003 Strategic Plan 
Coals) 

FY 2011 

Budget Crosscut Areas 
(based on Transitional 
Focus Areas) 

FY20n 

Budget Crosscut Areas 
(based on 2012 Strategic 
Plan Program Elements ) 

; : : 

2012-2021 

New Strategic Coals 

Goal 1 : Improve knowledge of the 
Earth's past and present climate 
and environment, including it 
natural variability, and improve 
understanding of the causes of 
observed vanabflity and changes 

Focus Area 1: Improving 
our knowledge of Earth's 
past and present climate 
variability and change 

Program Element 1: 
Integrated Observations 

Goal 1 - Advance Science: 

Advance scientific knowledge of 
the integrated natural and human 
components of the Earth system 

Coal 2; Improve quantification of 
the forces bringing about changes 
,in the Earth'S cHmate and related 
systems 

Focus Area 2: Improving 
our understanding of 
natural and human forces 
of climate change 

Program Element 2: 

Multidisciplinary Earth 
and Human System 
Understanding 

; :Goal '3i Reduce uncertainty m 
; : pr<5jeGtlCMt5 of how the Earth's 
climate and related systems may 
change in the future 

Focus Area 3: Improving 
our capability to model 
and predict future 
. .conditions and impacts 

Program Element 3: 

Integrated Modeling 


. .Focus Area 5: Providing 

climate information and 

V ' decision-support tools 

Element 4: 

of Adaptation 
^w%!ience to Inform 
^l^^tion Decisions 

Goal 2 • Inform Decisions: 

Provide the scientific basis to inform and 
enable timely decisions on adaptation 
and mitigation 

1 

Goal 4: tinderstand the sehsitivify 
and adaptability of different 
natufai and' managed ecosystems- • 
and human systems to climate and 
related global changes 

focus Area 

the nation's vulnerability 
to current and aifticipat^ 
impacts of climate change 

Program Element 6: 

_ , Assessments 

Goal 3 * Conduct Sustained Assessments: 

Build sustained assessment capacity 
that improves the nation's ability to 
understand, anticipate, and respond to 
global change impacts and vulnerabilities 

filiiiii 


Program Element 7. 

Communication and 
Education 

Goal 4 - Communicate and Educate: 

Advance communications and education 
to broaden public understanding of 
global change, and develop the scientific 
workforce of the future 
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the status of USGCRP research activities, provide progress 
updates, and document recent accomplishments. This FY 
2013 edition of Our Changing Planet provides a summary 
of programmatic achievements, recent progress, future 
priorities, and budgetary information. It thereby meets the 
requirements set forth in the U.S. Global Change Research 
Act of 1990 (GCRA; Section 102, P. L. 101-606) to provide 
an annual report on "Federal global change research priori- 
ties, policies, and programs . " 


7,-ihte A. 4: I !SL,( RP IntPrAgency Working Croups (IWCs) 


2012 Strategic Plan Program Elements, International, and 

Crosscutting Initiatives 

USGCRP Interagency Working Group 

Program Element 1 : Integrated Observations 

Integrated ObseA'ations iWG 

Program Element 2: Multidisciplinary Earth and Human System 
Understanding 

Process Research IWG 

Carbon Cycle Interagency Working Group (CCiWG) 

Program Element 3: Integrated Modeling 

Interagency Croup on Integrated Modeling (tCIM) 

Program Element 4: Science of Adaptation and Science to Inform 
Adaptation Decisions 

Adaptation Science Workgroup 

Program Element 5: Global Change Information 

Global Change Information System {COS} 

Program Element 6: Assessments 

Interagency National Climate Assessment (INCA) iWG 

Program Element 7: Communication and Education 

Interagency Communications and Education Team (ICE-t) 

International Research and Cooperation 

International Research and Cooperatjoh IWG 

USGCRP Crossothing Initiative 

Climate Change and Human Health. Group (CCHHC) ' , 


Full descriptions of each working group are provided in Appendix B; USGCRP Interagency Working Groups. 
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APPENDIX B: 

USGCRP INTERAGENCY WORKING GROUPS (IWGS) 


B.1 ADVANCE SCIENCE 

Integrated Observations Interagency Working Group 

A new integrated Observations IVVG Scoping Team is coordi- 
nating agency activities to sustain essential Earth observations 
capabilities and achieve more comprehensive, integrated 
Earth observations in the future. 

The first activity for this Team is to coordinate, along with 
the U.S. Group on Earth Observations, is to support National 
Earth Observations {NEOlTask Force activities by assessing 
critical observations of "Climate and Related Global Change." 
This will require coordinate evaluation of the importance 
and performance of current observational capabilities and 
assets in the context of strategic Earth observ'ations objectives. 

Process Research Interagency Working Group 

USGCRP's Process Research IWG helps identify and prior- 
itize scientific issues that require an integrated, coordinated 
response and fosters linkages with other IWG's to ensure that 
the Program's Advance Science portfolio is as integrated as 
possible. Specifically, the Process Research IWG is coordi- 
nating the following activities; 

• Develop a research framework for Objectives 1 .1 and 
1 .2 of USGCRP’s new decadal Research Plan and explore 
pathways for implementing such a framework; 

• Plan a workshop to refine this research framework 
and organize an initial set of work teams to begin 
implementation; 

• Define a set of high-priority activities and key near-term 
deliverables; and 

• Ensure sustained flexibility to evolve as needed and 
deliver on new priorities as they emerge. 

Interagency Croup on Integrated Modeling 

USGCRP's Interagency Croup on Integrated Modeling 
(IGIM) is charged with coordinating global-change related 
modeling activities across the Federal government and 
providing guidance to USGCRP on modeling priorities. The 
10 Federal Agencies that participate in the IGIM engage on 
range of relevant topics, including physical models of the 
Earth system, socioeconomic models of human systems and 
their interactions with the Earth system, as well as impacts 
models. 


Carbon Cycle Interagency Working Group 

USGCRP's Carbon Cycle Interagency Working Group 
(CCIWG) coordinates carbon cycle research funded by 
USGCRP member agencies. Because the carbon cycle and 
changes to the carbon cycle are associated with a wide range 
of glcrfaai change research needs, the CCIWG works closely 
with other interagency working groups and engages with 
international partners. CCIWG works to establish priorities 
f<x carbon cycle science and evaluate needs emerging from 
new findings and observations. Currently, CCIWG coordi- 
nates work to advance the following priorities; 

• Explain past and current variations in observed atmospheric 
concentrations of the major carbon-containing greenhouse 
gases (COj and methane); 

• Understand and quantify socioeconomic drivers of 
carbon emissions; 

• Develop transparent methods to monitor and verify both 
natural and anthropogenic carbon emissions; 

• Assess and evaluate the vulnerability of carbon fluxes 
and stocks under future conditions of global change 
and human activities; 

• Predict the effects of different CO^ and climate change 
scenarios on biodiversity, ecosystems, and natural 
resources, including potential positive feedbacks to the 
climate system; 

• Assess the effectiveness and potential for unintended 
consequences of carbon management options that may 
be undertaken to mitigate CHG emissions and climate 
change; and 

• Address needs of decision makers of ail levels for useable 
data, information, models, projections, and decision 
support tools. 
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B.2 INFORM DECISIONS 

Adaptation Science Workgroup 

In 2009, the Obama Administration convened an Interagency 
Climate Change Adaptation Task Force (ICCATF), including 
participation from more than 20 Federal agencies. Shortly 
thereafter, President Obama signed Executive order 13514, 
"Federal Leadership in Environmental, Energy, and Economic 
Performance," directing the iCCATF to recommend ways the 
Federal government can strengthen the Nation's ability to 
adapt to the impacts of climate change. 

USGCRP's Adaptation Science Workgroup works to ensure 
that Federal science effectively informs adaptation decisions 
at a range of scales, in diverse sectors. It also provides scien- 
tific support to agencies in the adaptation planning process. 
Specifically, USGCRP's Adaptation Science Workgroup is 
leading the following efforts: 

• Identification of existing capabilities and critical gaps in 
science for informing adaptation decisions and policies; 

• Improvement of the application and translation of science 
to meet the needs of decision makers; 

• Advancement of the social, behavioral, and economic 
.sciences needed to visualize, analyze, and understand 
adaptation options; and 

• Guidance for evaluating the effectiveness of adaptive 
actions. 

Global Change Information System Interagency Working 
Group 

The Global Change information System IWC provides 
support, advice, and strategic guidance for developing and 
implementing an interagency Globa! Change Information 
System (CCIS), The GCIS itself is being developed as a feder- 
ated data structure that bridges multiple data sources and 
formats from across USCCKP agencies and departments. It 
is intended to become a single web-based Global Change 
Web Porta! that delivers authoritative, accessible, usable, 
and timely information for climate and global change for 
use by diverse audiences. 

The CClS IWG is a forum for agencies to discuss and agree 
upon metadata and interoperability standards for the GCIS 
as well as to share information and ensure that any related 
efforts are complementary. The key first task for the GCIS 
IWG is to inform implementation of a data system specifically 
focused on the 201 3 National Climate Assessment — which 
will serve as a pilot for the larger CCIS. 


B.3 CONDUCT SUSTAINED ASSESSMENTS 

Interagency National Climate Assessment Working Group 

The USGCRP's Interagency National Climate Assessment 
(INCA) Working Group plays a vital role in coordinating, 
supporting, and implementing the Federal components of 
the assessment, including deploying essential research and 
infrastructure for a sustained assessment process and products. 
The INCA Working Croup is responsible for coordinating, 
developing, and implementing an interagency operational 
plan for the NCA, providing critical input to identify and 
support future NCA products, and developing interagency 
assessment capacity at the national and regional scales. The 
INCA Working Group plans, coordinates, and implements 
the development of numerous technical products necessary 
for the assessment process, many of which have generated 
cutting-edge, interagency research on climate change science, 
impacts, and vulnerabilities. Under INCA leadership, the 
USCCRP agencies have hosted a wide range of expert and 
stakeholder workshops over the years in numerous regions 
and sectors to support the development of these technical 
products, advance assessment methodologies, and identify 
research needs. 


B.4 COMMUNICATE & EDUCATE 

Interagency Communication and Education Team 

In April 2012, USGCRP launched a new Interagency 
Communications and Education Team (ICE-t). The ICE-t is 
made up of more than 100 self-selected volunteers from 
12 Federal agencies who actually do climate communica- 
tions — including press officers, writers, educators, park 
rangers, website designers, legislative affairs specialists, 
graphic designers, and other experts, 

The ICE-t is organized as "community of practice" that is 
inherently inclusive (anyone in any agency can participate), 
adaptive (tasks, members, and leaders are able to evolve 
as needed), and action-oriented (there is a focus on near 
term, concrete, achievable tasks). An initial set of tentatively 
planned activities includes: 

• Develop tools and strategies to link climate information 
on USGCRP agency websites; 

• Increase use of social media to disseminate global 
change information to broad audiences; 

• Develop communications material on relationships 
between extreme weather, climate events, and human- 
caused climate change for rapid deployment when an 
extreme weather event occurs; 
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• Support engagement activities related to the 2013 
National Climate Assessment; 

• increase the application of social science research to 
Federal climate communications by inviting leading 
experts to engage with Federal communicators; and 

• Apply communications expertise to the design of a 
Global Change Information System (GCIS). 


B.5 INTERNATIONAL RESEARCH & COOPERATION 

International Research and Cooperation Interagency 
Working Group 

The Internationa! Research and Cooperation IWG advises 
and assists the Subcommittee on Global Change Research 
on advancing USGCRP's strategic goals through strategic 
international relationships, partnerships, and funding. The 
group is developing a portfolio of activities, priorities, 
and goals for USGCRP's international activities. Once the 
portfolio is established, the group will gradually transition 
into a working-level implementation and coordination. 


Data Integration — including development of an interactive 
metadata clearinghouse (MATCFI) of data sets, early 
warning systems, and monitoring tools related to the 
human health impacts of global climate change; 

Joint Research and Funding Planning — including 
development of a human health and climate change 
research framework, gap analysis, prioritization of 
research needs, and coordination of joint funding 
opportunities; and 

International— -including review of International human 
health adaptation plans and assessments to capture 
lessons learned and engagement with the global health 
community on climate change and human health. 


B.6 CLIMATE CHANGE & HUMAN HEALTH 

Climate Change and Human Health Group 

The Interagency Crosscutting Croup on Climate Change 
and Human Health (CCHHG) is charged with planning, 
coordinating, implementing, evaluating, and reporting on 
'Federal research related to the human health impacts of global 
change. The ultimate goal is to ensure that communities 
are healthy and resilient to the impacts of climate change. 

The CCHHG supports alt four of USGCRP's new strategic 
goals and works to address key gaps in understanding of the 
human health-related impacts of global change. Specific 
activity areas include: 

• Adaptation-including ongoing support for the interagency 
Climate Change Adaptation Task Force; 

• Assessment— including technical input and stakeholder 
engagement support for the development of the NCA 
reports; 

• Communication, Education, and Engagement — including 

coordination with USGCRP's Interagency Communication 
& Education Team (ICE-t); 
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APPENDIX C: USGCRP MEMBER AGENCIES 


This section summarizes the principal areas of focus related 
to global change research for each USGCRP member agency. 

Department of Agriculture (USDA) 

USDA's global change research program empowers land 
managers, policy makers, and Federal agencies with 
science-based knowledge to manage the risks and oppor- 
tunities posed by climate change; reduce GHG emissions; 
and enhance carbon sequestration. USDA's global change 
research program includes contributions from the Agricultural 
Research Service (ARS), the National Institute of Food and 
Agriculture {NIFA}, the Forest Service, Natural Resources 
Conservation Service (NRCS), National Agricultural Statis- 
tics Service (NASS), and Economic Research Service. This 
work is important to ensuring sustained food security for the 
nation and the world; maintaining and enhancing forest and 
natural resource health; and identifying risks to agricultural 
production from temperature and precipitation changes, 
pests, invasive species, and disease. 

Specifically, USDA conducts assessments and projections 
of climate change impacts on agricultural and natural 
systems, and develops GHG inventories. USDA also develops 
cultivars, cropping systems, and management practices to 
improve drought tolerance and build resilience to climate 
variability. USDA promotes integration of USGCRP research 
findings into farm and natural resource management, and 
helps build resiliency to climate change by developing and 
deploying decision support, USDA maintains critical long- 
term data collection and observation networks, including 
(he Snowpack Telemetry (SNOTEL) network, the Soil Climate 
Analysis Network (SCAN), the National Resources Inven- 
tory (NRI), and the Forest Inventory and Assessment (FIA). 
Finally, USDA also engages in communication, outreach, 
and education through multiple forums, including its vast 
network of agricultural extension services. 

Department of Commerce (DOC) 

NOAA and NiST comprise the DOC contribution to USGCRP. 

NOAA's strategic climate goal is "an informed society 
anticipating and responding to climate and its impacts." 
NOAA's overall objective is to provide decision makers with 
a predictive understanding of the climate and to commu- 
nicate climate information so that people can make more 
informed decisions in their lives, businesses, and communi- 
ties. These outcomes are pursued by implementing a global 
observing system, conducting research to understand climate 


processes, developing improved modeling capabilities, and 
developing and deploying climate educational programs 
and information services. NOAA aims to achieve its climate 
goal through the following strategic objectives: 

• Improved scientific understanding of the changing 
climate system and its impacts; 

• Assessments of current and future states of the climate 
system that identify potential impacts and inform science, 
service, and stewardship decisions; 

• Mitigation and adaptation efforts supported by sustained, 
reliable, and timely climate services; and 

• A climate-literate public that understands its vulnerabilities 
to a changing climate and makes informed decisions. 

NIST works with other Federal agencies to develop or extend 
internationally accepted traceable measurement standards, 
methodologies, and technologies that enhance measurement 
capabilities for science-based CMC emission inventories 
and measurements critical to advancing climate science 
research. NIST provides measurements and standards that 
support accurate, comparable, and reliable climate observa- 
tions and provides calibrations and special tests to improve 
the accuracy of a wide range of instruments and techniques 
used in climate research and monitoring. In FY 2009, NIST 
was included as a discrete element of USGCRP's budget 
crosscut to provide specific measurements and standards 
of direct relevance to the program. 

Department of Defense (DoD) 

DoD— while not supporting a formal mission dedicated to 
global change research — is developing policies and plans 
to manage and respond to the effects of climate change on 
DoD missions, assets, and the operational environment. 
Various research agencies within the DoD sponsor and 
undertake basic research activities that concurrently satisfy 
both national security requirements as well as the strategic 
goals of USGCRP, H^ese include the Office of Naval Research 
(ONR), the Air Force Office of Scientific Research (AFOSR), 
the Army Research Office (ARO), and the Defense Advanced 
Research Projects Agency (DARPA). When applicable, the 
research activities of these agencies are coordinated with 
other Federally-sponsored research via USGCRP and other 
entities. 

Because the performance of DoD systems and platforms are 
influenced by environmental conditions, understanding the 
variability of the Earth's environment and the potential for 
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change is of great interest to the Department. Tlie DoD is 
responsible for the environmental stewardship of hundreds 
of installations throughout the U.S., and must continue 
incorporating geostrategic and operational energy consid- 
erations into force planning, requirements development, 
and acquisition processes. The DoD relies on the Strategic 
Environmental Research and Development Program (SERDP), 
a joint effort among DoD, DOE, and EPA, to develop climate 
change assessment tools and to identify the environmental 
variables that must be forecast with sufficient lead time 
to facilitate appropriate adaptive responses. Each service 
agency within the DoD incorporates the potential impact 
of global change into their long-range strategic plans. For 
example, the Navy's Task Force Climate Change (TFCC) 
assists in the development of science-based recommenda- 
tions, plans, and actions to adapt to climate change. The 
USACE Engineer Research and Development Center {ERDO 
Cold Regions Research and Engineering Laboratory (CRREL) 
also actively investigates the impacts of climate trends for 
USACE, Army, DoD and other agencies. The CRREL research 
program responds to the needs of the military, but much of 
the research also benefits the civilian sector and is funded 
by non-military customers such as NSF, NOAA, NASA, DOE, 
and state governments, 

Department of Energy (DOE) 

DOE'S Office of Science supports fundamental research to 
understand the energy-environment-climate connection and 
its implications for energy production, use, sustainability, 
and security — with particular emphasis on the potential 
impact of increased anthropogenic, emissions. The ultimate 
goal is to advance a robust predictive understanding of 
Earth's climate and environmental systems and to inform 
the development of sustainable solutions to the Nation's 
energy and environmental challenges. 

Two DOE research areas focus on areas of uncertainty in 
Earth systems models: Atmospheric System Research (science 
of aerosols, clouds, and radiative transfer); and Terrestrial 
Ecosystem Science (role of terrestrial ecosystems and carbon 
cycle observations). DOE also collaborates with NSF to 
develop the widely used Community Earth System Model, 
supports methods to obtain regional climate information, 
integrates analysis of climate change impacts, and analyzes 
and distributes large climate datasets through the Program for 
Climate Mode! Diagnosis and Intercomparison and the Earth 
System Grid. The Department also supports the ARM Climate 
Research Facility, a scientific user facility that provides the 
research community with unmatched measurements permit- 
ting the most detailed high-resolution, three-dimensional 
documentation of evolving cloud, aerosol and precipitation 
characteristics in climate sensitive sites around the world. 


Finally, DOE also conducts applied climate-related research 
through the CCTP, which is centered in DOS's Office of 
Policy and International Affairs. CCTP develops and utilizes 
energy-economic models, including integrated assessment 
models, to evaluate policies and programs that enable cost- 
effective GHG reductions and accelerate the development 
and deployment of clean energy technologies. As part of 
this mission CCTP supports work to characterize climate 
change impacts for use in policy analysis, vulnerability 
and adaptation assessment and agency rulemakings, DOE 
also conducts assessments of climate change on electric 
grid stability', water availability for energy production, and 
site selection of the next generation of renewable energy 
infrastructure. 

Department of Health and Human Services (HHS) 

The U.S. Department of Health and Human Services 
(HHS) supports a broad portfolio of research and decision 
support initiatives related to environmental health and the 
health effects of global climate change, primarily through 
the National Institutes of Health (NIH) and the Centers for 
Disease Control (CDC). Research focuses on the need to 
better understand the vulnerabilities of individuals and 
communities to climate-related changes in health risks such 
as heat-related morbidity and mortality, respiratory effects 
of altered air contaminants, changes in transmission of 
infectious diseases, and impacts in the aftermath of severe 
weather events, among many others. Research efforts also 
seek to assess the effectiveness of various public health 
adaptation strategies to reduce climate vulnerability, as well 
as the potential health effects of interventions to reduce 
GHG emissions. 

Specifically, HHS supports USGCRP by conducting funda- 
mental and applied research on linkages between climate 
change and health, translating scientific advances into decision 
support tools for public health professionals, conducting 
ongoing monitoring and surveillance of climate-related 
health outcomes, and engaging the public health community 
in two-way communication about climate change. 

Department of the Interior (DOI) 

uses conducts global change research for DOI and comprises 
DOTS contribution to USGCRP, 

uses scientists work with other agencies to provide policy 
makers and resource managers with scientifically valid 
information and predictive understanding of global change 
and its effects with the ultimate goat of helping the Nation 
understand, adapt to, and mitigate global change. 
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Specifically, the USGS Climate and Land Use Change 
Research and Development Program supports research to 
understand processes controlling Earth system responses to 
global change and model impacts of climate and land-cover 
change on natural resources. USGS geographic analyses 
and land remote-sensing programs (such as the Landsat 
satellite mission and the National Land Cover Database) 
provide data that is used assess changes in land use, land 
cover, ecosystems, and water resources resulting from the 
interactions between human activities and natural systems. 
The science products and data sets from these programs 
are essential for conducting quantitative studies of carbon 
storage and GUG flux in the Nation's ecosystems. 

USGS is also leading the establishment of regional Climate 
Science Centers that will provide science and technical 
support to region-based partners dealing with the impacts of 
climate change on fish, wildlife, and ecological processes. 

Department of State (DOS) 

Through DOS annua! funding, the U.S. is the world's leading 
financial contributor to the United Nations Framework 
Convention on Climate Change (UNFCCC) and to the iPCC — 
the principal international organization for the assessment 
of scientific, technical, and socioeconomic information 
relevant to the understanding of climate change, its potential 
impacts, and options for adaptation and mitigation. Recent 
DOS contributions to these organizations provide substan- 
tial support for global climate observation and assessment 
activities in developing countries. DOS also works with 
other agencies in promoting international cooperation in a 
range of bilateral and multilateral climate change initiatives 
and partnerships, 

Department of Transportation (DOT) 

The Department of Transportation (DOT) conducts research 
to examine potential climate change impacts on transporta- 
tion, methods for increasing transportation efficiency, and 
methods for reducing emissions that contribute to climate 
change. The U.S. DOT'S Center for Climate Change and 
Environmental Forecasting coordinates transportation 
and climate change research, policies, and actions within 
DOT and promotes comprehensive approaches to reduce 
emissions, address climate change impacts, and develop 
adaptation strategies. DOT also contributes directly to 
USGCRP's National Climate Assessment through focused 
research such as the Center's Gulf Coast Studies. 

The Federal Highway Administration, the Federal Transit 
Administration (FTA) and other DOT agencies are also 
undertaking climate impact and adaptation studies (including 


vulnerability and risk assessments), working with science 
agencies to develop regional climate data and projections, 
methodological research, supporting pilot programs, and 
providing assistance to transportation stakeholders including 
State and local agencies. The Federal Aviation Administration 
(FAA), for example, conducts research to support USGCRP 
by working with NASA, NOAA, and EPA in the Aviation 
Climate Change Research Initiative (ACCRl) to identify 
and address key scientific gaps regarding aviation climate 
impacts and inform mitigation. 

Other DOT initiatives address climate change and improve 
the sustainability of the U.S. transportation sector including: 
The FAA and NASA manage the (Continuous Lower Energy, 
Emissions, and Noise (CLEEN) program as a government 
industry consortium to develop technologies for energy 
efficiency, noise and emissions reduction, and alternative 
fuels; and FAA participates in the Commercial Aviation 
Alternative Fuels Initiative (CAAFI), a public-private coali- 
tion to encourage the development of alternative jet fuels. 

Environmental Protection Agency (EPA) 

The core purpose of EPA's Global Change Research Program 
is to develop scientific information that supports stakeholders, 
policy makers, and society at large as they respond to climate 
change and associated impacts on human health, ecosys- 
tems, and socioeconomic systems. EPA's research is driven 
by the Agency's mission and statutory requirements, and 
includes: (1) improving scientific understanding of global 
change effects on air quality, water quality, ecosystems, and 
human health in the context of other stressors; (2) assessing 
and developing adaptation options to effectively respond to 
global change risks, increase resilience of human and natural 
systems, and promote their sustainability; and (3) developing 
an understanding of the potential environmental impacts and 
benefits of GHG emission reduction strategies to support 
sustainable mitigation solutions. This research is leveraged 
by EPA Program Offices and Regions to support mitigation 
and adaptation, decisions and to promote communication 
with external stakeholders and the public. 

EPA relies on USGCRP to develop high-quality scientific data 
and understanding about physical, chemical, and biological 
changes to the global environment and their relation to drivers 
of global change. EPA's Global Change Research Program 
connects these results to specific human and ecosystem 
health endpoints in ways that enable local, regional, and 
national decision makers to develop and implement strate- 
gies to protect human health and (he environment. In turn, 
EPA's research provides USGCRP agencies with information 
about the connections between global change and local 
impacts and how local actions influence global changes. 
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Research activities include efforts to connect continental- 
scale temperature and precipitation changes to regional and 
local air quality and hydrology models to better understand 
the impacts of climate change on air quality and water 
quality, and to examine how watersheds will respond to 
large-scale climate and other global changes to inform 
decisions about management of aquatic ecosystems and 
expand understanding of the impacts of global change. Satel- 
lite and other observational efforts conducted by USGCRP 
are crucial to supporting EPA's efforts to understand how 
land use change, climate change, and other global changes 
are affecting watersheds and ecosystems, and the services 
they provide. 

National Aeronautics and Space Administration (NASA) 

As stated in the 2010 National Space Policy, NASA plays a 
crucial role in conducting global change research, ensuring 
sustained monitoring capabilities, and advancing scientific 
knowledge of the global integrated Earth system through 
satellite observations and satellite system development. As 
such, NASA fully supports USGCRP's new National Global 
Change Research Plan to advance science, inform decisions, 
conduct sustain assessments, and communicate and educate. 
NASA actively contributes to USGCRP's National Climate 
Assessment and provides roughly half of the funding for 
USGCRP as a whole. 

NASA's global change activities have four integrated foci; 
satellite observations; technology development; research 
and analysis; and applications. Satellites provide critical 
global atmosphere, ocean, land, sea ice, and ecosystem 
measurements. NASA's sixteen on-orbit satellites measure 
numerous variables required to enhance understanding of 
Earth interactions, in February 201.3, NASA launched the 
Landsat Data Continuity Mission (LDCM) satellite to measure 
land cover and evapotranspiration and is developing other 
satellites for launch in 2014 and beyond. 

NASA's technology development efforts lead to new and 
enhanced space-based instruments and information technolo- 
gies. Science research and analysis of satellite observations 
and model results improve predictability and knowledge 
of the global integrated Earth system. Airborne systems 
provide high resolution observations of variables relevant 
global change research — including polar seas and ice sheets; 
atmospheric composition; carbon storage and flux in the 
Arctic; hurricanes in the Atlantic Ocean; and root-zone soil 
moisture at different locales in North America. 


National Science Foundation (NSF) 

NSF addresses global change issues through investments 
that advance frontiers of knowledge, provide state-of-the- 
art instrumentation and facilities, develop new analytical 
methods, and enable cross-disciplinary collaborations while 
also cultivating a diverse, highly trained, workforce and 
developing resources for public education. In particular, 
NSF global change programs support the research and 
related activities to advance fundamental understanding of 
physical, chemical, biological, and human systems and the 
interactions among them. The programs encourage inter- 
disciplinary approaches to studying Earth system processes 
and the consequences of change, including how humans 
respond to changing environments and the impacts on 
ecosystems and the essential services they provide. NSF 
programs promote the development and enhancement of 
models to improve understanding of integrated Earth system 
processes and to advance predictive capability. NSF also 
supports fundamental research on the processes used by 
organizations and decision makers to identify and evaluate 
policies for mitigation, adaptation, and other responses 
to the challenge of a changing and variable environment. 
Long-term, continuous and consistent observational records 
are essential for testing hypotheses quantitatively and are 
thus a cornerstone of global change research. NSF supports 
a variety of research observing networks that complement, 
and are dependent on, the climate monitoring systems 
maintained by its sister agencies. 

NSF regularly collaborates with other USGCRP agencies to 
provide support for a range of multi-disciplinary research 
projects and is actively engaged in a number of international 
partnerships. 

Smithsonian Institution (SI) 

Within the Smithsonian Institution (SO, global change 
research is primarily conducted at the National Air and 
Space Museum, the National Museum of Natural History, 
the National Zoological F^rk, the Smithsonian Astrophysical 
Observatory, the Smithsonian Environmental Research Center, 
and the Smithsonian Tropical Research Institute. Research 
is organized around themes of atmospheric processes, 
ecosystem dynamics, observing natural and anthropogenic 
environmental change on multiple time scales, and defining 
longer term climate proxies present in the historical artifacts 
and records of the museums as well as in the geologic 
record. Most of these units participate in the Smithsonian 
Institution Group on Earth Observations (SIGEO) examining 
the dynamics of forests over decadai time frames. 
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The Smithsonian Grand Challenge Consortium for 
Understanding and Sustaining a Biodiverse Planet brings 
together researchers from around the Institution to focus on 
joint programs ranging from estimating volcanic emissions 
to ocean acidification measurement. Smithsonian paleon- 
tological research documents and interprets the history of 
terrestrial and marine ecosystems from 400 million years 
ago to the present. Other scientists study the impacts of 
historical environmental change on the ecology and evolu- 
tion of organisms, including humans. Archaeobiologists 
examine the impact of early humans resulting from their 
domestication of plants and animals, creating the initial 
human impacts on planetary ecosystems. 

These activities are joined by related efforts in the areas of 
history and art, such as the Center for Folklife and Cultural 
History, the National Museum of the American Indian, and 
the Cooper Hewitt Museum of Design to examine human 
responses to global change, within communities, reflected 
in art and culture, food and music, Finally, Smithsonian 
outreach and education expands our scientific and social 
understanding of processes of change and represents them 
in exhibits and programs, including at the history and art 
museums of the Smithsonian. USGCRP funding enables the 
Smithsonian to leverage private funds for additional research 
and education programs on these topics. 

U.S. Agency for International Development (USAID) 


biodiversity, infrastructure, and other critical climate sensi- 
tive sectors provide an opportunity to implement innovative 
cross-sectoral climate change programs. Finally, USAID 
bilateral programs work in key political and governance 
areas where multilateral agencies cannot. 


The USAID supports programs that enable decision makers to 
apply high-quality climate information to decision making. 
USAID's climate change and development strategy calls for 
enabling countries to accelerate their transition to climate 
resilient, low emission sustainable economic development 
through direct programming and integrating climate change 
adaptation and mitigation objectives across the Agency's 
development portfolio. USAID is the lead contributor to 
bilateral assistance, with a focus on capacity building, 
civil society building, and governance programming, and 
creating the legal and regulatory environments needed to 
address climate change. USAID leverages scientific and 
technical resources from across the government (e.g., 
NASA, NOAA, USDA, USGS) as it applies its significant 
technical expertise to provide leadership in development and 
implementation of low-emissions development strategies, 
creating policy frameworks for market-based approaches 
to emission reduction and energy sector reform, promoting 
sustainable management of agriculture lands and forests, 
and mainstreaming adaptation into development activities 
in countries most at risk. USAID has long-standing relation- 
ships with host country governments that enable it to work 
together to develop shared priorities and implementation 
plans. USAID's engagement and expertise in agriculture, 
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APPENDIX D: GLOSSARY & ACRONYMS 

D.1 DEFINITION OF KEY TERMS 


Adaptation: Adjustment in natural or human systems to a new or 
changing environment that exploits beneficial opportunities and 
moderates negative impacts. 

Adaptation Science: Integrated scientific research that directly 
contributes to enabling adjustments in natural or human systems 
to a new or changing environment and that exploits beneficial 
opportunities or helps moderate negative effects. 

Adaptive management: Operational decisions, principally for 
managing entities that are influenced by climate variability and 
change. These decisions can apply to the management of infrastructure 
(e.g., a wastewater treatment plant), the integrated management of 
a natural resource (e.g., a watershed), or the operation of societal 
response mechanisms (e.g., human health alerts, water restrictions). 
Adaptive management operates within existing policy frameworks 
or uses existing infrastructure, and the decisions usually occur on 
time scales of a year or less. 

Aerosols: Fine solid or liquid particles suspended in a gas. Aerosols 
may be of either natural or anthropogenic origin. 

Anthropogenic: Resulting from or produced by human beings. 

Assessments: Processes that involve analyzing and evaluating the 
state of scientific knowledge (and the associated degree of scientific 
certainty) and, in interaction with users, developing information 
applicable to a particular set of issues or decisions. 

Atmosphere: The gaseous envelope surrounding Earth. 

Belmont Forum: A collaborative mechanism among international 
organizations, such as the International Council for Science (ICSU), 
and national funding agencies to identify CCR priorities that might 
benefit from better cooperation and how best to address these. 

Biodiversity: The total diversity of all organisms and ecosystems 
at various spatial scales. 

Biomass: The total mass of living organisms in a given area or 
volume. 

Biosphere: The part of the Earth system comprising all ecosystems 
and living organisms, in the atmosphere, on land or in the ocean, 
including derived dead organic matter, such as litter, soil organic 
matter, and oceanic detritus. 

Carbon cycle: The term used to describe the flow of carbon (in 
various forms, e.g., as carbon dioxide, calcium carbonate) through 
the atmosphere, ocean, terrestrial biosphere, and lithosphere. 

Carbon sequestration: The process of increasing the carbon content 
of a carbon reservoir other than the atmosphere. 

Climate: The mean and variability of relevant measures of the 
atmosphere-ocean system over periods ranging from weeks to 
thousands or millions of years. 


Climate change: A statistically significant variation in either the 
mean state of the climate or in its variability, persisting for an 
extended period (typicaiiy decades or longer). Climate change 
may be due to natural internal processes or to external forcing, 
including changes in solar radiation and volcanic eruptions, or to 
persistent human-induced changes in atmospheric composition 
or in land use. See aiso climate variability. 

Climate model: A numerical representation of the climate system 
based on the mathematical equations governing the physical, 
diemical and bioiogicat properties of its components and including 
treatment of key physical processes and interactions, cast in a form 
suitable for numerical approximation making use of computers. 

Climate prediction: A climate prediction or climate forecast is the 
result of an attempt to produce an estimate of the actual evolution 
of the climate - including weather variations - in the future, for 
example, at seasonal, interannual, or long-term timescales. 

Climate projection; A projection of the response of the climate 
system to emission or concentration scenarios of greenhouse gases 
or aerosols, or radiative forcing scenarios, often based upon simuia- 
tions by climate models. Climate projections are distinguished from 
climate predictions in order to emphasize that climate projections 
depend upon the em/ss»on/concentration/radiative forcing scenario 
used, which are based on assumptions concerning, for example, 
future socioeconomic and technologicai developments that may 
or may not be realized and are therefore subject to substantial 
uncertainty. 

Climate scenario; A plausible and often simplified representa- 
tion of the future climate, based on an internally consistent set of 
climatological relationships, that has been constructed for explicit 
use in investigating the potential consequences of anthropogenic 
climate change, often serving as input to impact models, 

Climate system: The highly complex system consisting of five major 
components: the atmosphere, the hydrosphere, the cryosphere, the 
land surface, and the biosphere, and the interactions among them. 

Climate variability: Variations in the mean state and other statis- 
tics (such as the occurrence of extremes, etc.) of the climate on 
all temporal and spatial scales beyond that of individual weather 
events. These variations are often due to internal processes within 
the climate system (internal variability), or to variations in natural 
or anthropogenic external forcing {externa! variability). 

Committee on Environment, Natural Resources, and Sustainability 
(CENRS): A subcommittee of the National Science and Technology 
Council (NSTC) established to assist the NSTC in increasing the 
overall productivity and application of Federal research and devel- 
opment efforts in the areas of environment, natural resources, and 
sustainability, and to provide a formal mechanism for interagency 
coordination in these areas. CENRS encompasses the Subcommittee 
on Global Change Research, the steering committee of the U.S. 
Global Change Research Program. 
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Decision support: The provision of timely and useful information 

that addresses specific questions. 

Downscaling: A method that derives local- to regional-scale 00 
to 100 km) information from larger-scaie 000 to 1000 km) models 
or data analyses. 

Earth system: The unified set of physical, chemical, biological, 
and social components, processes and interactiof^s that together 
determine the state and dynamics of planet Earth. 

Earth System Modeling Framework: Open-source software for 
building and coupling weather, climate, and related models. 

Ecosystem: A system of living organisms interacting with each oHier 
and their physical environment as an ecological unit. 

Ecosystem services: The conditions and processes through which 
natural ecosystems, and the species that make them up, sustain 
and fulfil! human life. Examples include provision of clean water, 
maintenance of liveable climates, pollination of crops and native 
vegetation, and fulfillment of people’s cultural, spiritual, intel- 
lectual needs. 

Emissions: In the climate change context, emissions refer to the 
release of radiatively or chemically active substances (e.g., green- 
house gases and/or their precursors, aerosols) into the atmosphere 
over a specified area and period of time. 

End-to-end: The nature of research needed to address the climate 
and global change issue, from understanding causes and processes 
to supporting actions needed to cope with the impending societal 
problems of climate and global change. 

Extreme weather event: An event that is rare at a particular place 
and time of year. Definitions of "rare” vary, but an extreme weather 
event would normally be as rare as or rarer than the 10”' or W 
percentile of the observed probability density of weather events. 

Feedback: An interaction mechanism between processes such that 
the result of an initial process triggers changes in a second process 
and that in turn influences the initial one. A positive feedback 
intensifies the original process, and a negative feedback reduces it. 

Fiscal Year (FY): A period used for calculating annual ("yearly") 
financial statements in the Federal government. 

General Circulation (CCM) or Atmosphere/Ocean Global Climate 
Model: A numerical representation of the climate system based 
on the physical and chemical properties of its components, their 
interactions and feedback processes, and accounting for all or 
some of its known properties. 

Geo-engineering: Deliberate large-scale manipulation of (he 
planetary environment as a strategy to counteract anthropogenic 
climate change. 

Global change: Changes in the global environment (including 
alterations in climate, land productivity, oceans or other water 
resources, atmospheric composition and/or chemistry, and ecological 
systems) that may alter the capacity of the Earth to sustain life. 


Global change Information system: An information system that 
establishes data interfaces and interoperable repositories of 
climate and global change data which can be easily and efficiently 
accessed, integrated with other data sets, maintained over time 
and expanded as needed into the future. 

Global change research: Study, monitoring, assessment, prediction, 
and information management activities to describe and understand 
the interactive physical, chemical, and biological processes that 
regulate the total Earth system; the unique environment that the 
Earth provides for life; changes that are occurring in the Earth 
system; and the manner in which such system, environment, and 
changes are influeiKed by human actions. 

Global Change Research Act (CCRA; Section 102, R L. 101-606): 
A 1990 act establishing the U.S. Global Change Research Program, 
an interagency program aimed at understanding and responding to 
global change, including the cumulative effects of human activities 
and natural processes on the environment, to promote discussions 
toward international protocols in global change research, and for 
other purposes. 

Global Earth Observing System of Systems (GEOSS): A "system of 
systems" linking together existing and planned observing systems 
around the world and promoting common technical standards so 
that data from thousands of different instruments can be combined 
into coherent data sets. 

Global Framework for Climate Services: An outcome of the 
World Climate Conference (WCC-3) of the United Nations World 
Meteorological Organization, with the goal of the development 
and provision of relevant science-based climate information and 
prediction for climate risk management and adaptation to climate 
variability and change, throughout the world. 

Greenhouse effect: Trapping and build-up of infrared radiation 
(heat) in the atmosphere (troposphere) near the Earth's surface. 
Some of the heat flowing back toward space from Earth's surface is 
absorbed by water vapor, carbon dioxide, ozone, and several other 
gases in the atmosphere and then reradiated back toward Earth's 
surface. If the atmospheric concentrations of these greenhouse 
gases rise, (he average temperature of the lower atmosphere will 
gradually increase. 

Greenhouse gas (CHC): Any gas that absorbs infrared radiation 
(heat) in the atmosphere. Greenhouse gases include, but are not 
limited to, water vapor, carbon dioxide, methane, nitrous oxide, 
chiorofluorocarbons, hydrochloroftuorocarbons, ozone, hydro- 
fluorocarbons, perfluorocarbons, and sulfur hexafluoride, 

Human system: Any system in which human organizations play 
a major role. Often, but not always, the term is synonymous with 
'society' or 'social system' e.g., agricultural system, political system, 
technological system, or economic system. 

Human-natural system: Integrated systems in which human and 
natural components interact, such as the interaction between 
socioeconomic and biophysical processes in urban ecosystems. 

In situ: Measurements obtained through instruments that are in 
direct contact with the subject (e.g., a soil thermometer), as opposed 
to those collected by remote instruments (e.g., a radar altimeter). 
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Integrated Assessment Models: A method of analysis that combines 
results and models from the physical, biological, economic, and 
social sciences, and the interactions between these components, 
in a consistent framework, to evaluate the status and consequences 
of environmental change and the policy responses to it. 

Intergovernmental Panel on Climate Change (IPCC): An international 

scientific body for the assessment of climate change, established 
by the United Nations Environmental Programme and the United 
Nations World Meteorological Organization. 

IPCC AR4: The fourth in a series of assessment reports by the 
Intergovernmental Panel on Climate Change, intended to assess 
the most recent scientific, technical, and socioeconomic informa- 
tion produced worldwide concerning climate change, its potential 
effects, and options for adaptation and mitigation. 

IPCC AR5: The fifth in a series of assessment reports by the Inter- 
governmental Panel on Climate Change, intended to assess the 
socioeconomic aspects of climate change and implications for 
sustainable development, risk management, and the framing of a 
response through both adaptation and mitigation. 

Land cover: The land surface covering, including areas of vegetation 
(forests, shrub lands, crops, deserts, lawns), bare soil, developed 
surfaces (paved land, buildings), and wet areas and bodies of water 
(watercourses, wetlands), 

Landsat Program: The Landsat Program is a series of Earlh- 
observing satellite missions jointly managed by NASA and the 
U.S. Geological Survey. 

land use: The total of arrangements, activities and Inputs under- 
taken in a certain land cover type (a set of human actions). The 
term land use is also used in the sense of the social and economic- 
purposes for which land is managed {e.g., grazing, timber extrac- 
tion, and conservation). 

Land use and land cover change: A change in the use or manage- 
ment of land by humans that may lead to a change in land cover. 

Metadata: Information about meteorological and climatological 
data concerning how and when they were measured, their quality, 
known problems, and other characteristics. 

Mitigation (climate change): An intervention to reduce the sources 
or enhance the sinks of greenhouse gases and other climate forcing 
agents. This intervention could include approaches devised to 
reduce emissions of greenhouse gases to the atmosphere; to 
enhance their removal from the atmosphere through storage in 
geological formations, soils, biomass, or the ocean. 

Monitoring: A scientifically designed system of continuing 
standardized measurements and observations and the evaluation 
thereof. Monitoring is specifically intended to continue over long 
time periods. 

National Academy of Sciences (NAS): An honorific society of 
distinguished scholars engaged in scientific and engineering 
research established by an Act of Congress in 1863, which calls 
upon the NAS to "investigate, examine, experiment, and report 
upon any subject of science or art" whenever called upon to do 
so by any department of the government. 


National Climate Assessment (NCA): An assessment conducted 
under the auspices of the Global Change Research Act of 1 990, 
which requires a report to the President and the Congress every 
four years that evaluates, integrates and interprets the findings of 
the U.S. Global Change Research Program. 

National Research Council (NRC): An arm of the National Academy 
of Sciences that forms committees to enlist the nation's top scien- 
tists, engineers, and other experts to provide independent advice to 
the government on matters of science, technology, and medicine. 

National Science and Technology Council (NSTC): A Cabinet- 
level Council established by Executive Order 12881 that is the 
principal means within the executive branch to coordinate science 
and technology policy across the diverse entities that make up the 
Federal research and development enterprise. 

Observations: Measurements (either continuing or episodic) of 
variables in climate and related systems. 

Observing system; A coordinated series of instruments for long- 
term observations of the land surface, biosphere, solid Earth, 
atmosphere, and/or oceans to improve understanding of Earth as 
an integrated system. 

Ocean acidification: The phenomenon in which the pH of the 
ocean becomes more acidic due to increased levels of carbon 
dioxide in the atmosphere from human activities, which, in turn, 
increase the amount of dissolved carbon dioxide in seawater. Ocean 
acidification may lead to reduced calcification rates of calcifying 
organisms such as corals, mollusks, algae and Crustacea. 

Office of Science and Technology Policy (OSTP): A division of the 
Executive Office of the President (EOP) established by Congress 
in 1 976 with a broad mandate to advise the President and others 
within the EOP on the effects of science and technology on 
domestic and international affairs, The 1976 Act also authorizes 
OSTP to lead interagency efforts to develop and implement sound 
science and technology policies and budgets, and to work with 
the private sector, state and local governments, the science and 
higher education communities, and other nations toward this end, 

Ozone: A very active colorless gas consisting of three atoms of 
oxygen, readily reacting with many other substances. 

Permafrost: Ground (soil or rock and including water, ice, and 
organic material) that remains at or below freezing for at least 
two consecutive years. 

Prediction: A probabilistic description or forecast of a future climate 
outcome based on observations of past and current climatological 
conditions and quantitative models of climate processes (e.g., a 
prediction of an El Niho event). 

Projection; A description of the response of the climate system 
to an assumed level of future radiative forcing. Climate "projec- 
tions" are distinguished from climate "predictions" in order to 
emphasize that climate projections depend on scenarios of future 
socioeconomic, technological, and policy developments that may 
or may not be realized. 
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Practical Salinity Units (PSU): Used to describe the concentra- 
tion of dissolved salts in water, the United Nations Educational, 
Scientific, and Cultural Organization (UNESCO) Practical Salinity 
Scale of 1978 iPSS78j defines salinity in terms of a conductivity 
ratio, so it is dimensionless. Salinity was formerly expressed in 
terms of parts per thousand (ppt) or by weight {parts per tfiousand 
or 0/00). That is, a salinity of 35 ppt meant 35 pounds of salt per 
^ ,000 pounds of seawater. Open ocean salinity is generally in the 
range from 32 to 37. 

Radiative forcing: A process that directly changes the average 
energy balance of the Earth-atmosphere system by affecting the 
balance between incoming solar radiation and outgoing radiation. 
A positive forcing warms the surface of the Earth and a negative 
forcing cools the surface. 

Remote sensing: The technique of obtaining information about 
objects through the analysis of data collected by instruments that 
are not in physical contact with the object of inwstigation. In the 
climate context, remote sensing is commonly performed from 
satellites or aircraft. 

Scenario: A coherent description of a potential future situation that 
serves as input to more detailed analyses or modeling. Scenarios 
are tools that explore, "if..., then,...’’ statements, and are not 
predictions of or prescriptions for the future. 

Sensitivity: The degree to which a system is affected, either adversely 
or beneficially, by c//ma(e-related stimuli. The effect may be direct 
(e.g., a change in crop yield in response to a change in the mean, 
range, or variability of temperature) or indirect (e.g., damages 
caused by an increase in the frequency of coastal flooding due 
to sea level rise). 

Sink: Any process, activity, or mechanism that removes a green- 
house gas, an aerosol, or a precursor of a greenhouse gas or aerosol 
from the atmosphere. Sinks may be of natural or human origin. 

Stakeholders: Individuals or groups whose interests (financial, 
cultural, value-based, or other) are affected by climate variability, 
climate change, or options for adapting to or mitigating these 
phenomena. Stakeholders are important partners with the research 
community for development of decision support resources. 

Storm surge: The temporary increase, at a particular locality, in 
the height of the sea due to extreme meteorological conditions 
(low atmospheric pressure and/or strong winds). 

Subcommittee on Global Change Research (SCCR): The steering 
committee of the U.S. Global Change Research Program (USGCRP) 
under the Committee on Environment, Natural Resources, and 
Sustainability, overseen by the Executive Office of the President. 
SGCR is composed of representatives from each of the member 
agencies of the USGCRP. 

Sustainability: Balancing the needs of present and future genera- 
tions while substantially reducing poverty and conserving the 
planet's life support systems. 

Sustainable development: Development that meets the needs of 
the present without compromising the ability of future generations 
to meet their own needs. 


System: Integration of interrelated, interacting, or interdependent 
components into a complex whole. 

Technology: An approach, including both the experimental 
technique and the instrumental and scientific infrastructure needed 

to implement it. 

Tipping point: A critical threshold at which a tiny perturbation can 
qualitatively alter the state or development of a system. 

Threshold: A point in a system after which any change that is 
described as abrupt is one where the change in the response is much 
larger than the change in the forcing. The changes at the threshold 
are therefore abrupt relative to the changes that occur before or 
after the threshold and can lead to a transition to a new state. 

Uncertainty: An expression of the degree to which a value (e.g., 
the future state of the climate system) is unknown. Uncertainty 
in future climate arises from imperfect scientific understanding 
of the behavior of physical systems, and from inability to predict 
human behavior. 

United Nations Framework Convention on Climate Change 
(UNFCCC);The United Nations Framework Convention on Climate 
Change is an international environmental treaty produced at the 
United Nations Conference on Environment and Development 
(UNCED) intended to stabilize greenhouse gas concentrations in 
the atmosphere at a level that would prevent dangerous anthro- 
pogenic interference with the climate system. 

U.S Global Change Research Program (USGCRP): An intera- 
gency program that coordinates and integrates Federal research 
on changes in the global environment and their implications for 
society. USGCRP began as a presidential initiative in 1989 and 
was mandated by Congress in the Global Change Research Act of 
1990 (P-L. 101-606). Thirteen departments and agencies participate 
in the USGCRP. The program is steered by the Subcommittee on 
Global Change Research under the Committee on Environment 
and Natural Resources, overseen by the Executive Office of the 
President, and facilitated by a National Coordination Office (NCO). 

U.S. Group on Earth Observations (USGEO): An interagency group 
established in 2005 under the White House Office of Science and 
Technology Policy's Committee on Environment, Natural Resources, 
and Sustainability to lead Federal efforts to achieve a national 
Integrated Earth Observation System. Through USGEO, the U.S. 
further supports cooperative, international efforts to build the 
Global Earth Observation System of Systems (CEOSS), 

Vulnerability: The degree to which a system is susceptible to, or 
unable to cope with, adverse effects of climate and global change, 
including climate variability and extremes, as well as climate 
change in conjunction with other stressors. 

Weather: The specific condition of the atmosphere at a particular 
place and time. It is measured in terms of parameters such as 
wind, temperature, humidity, atmospheric pressure, cloudiness, 
and precipitation. 
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D.2 ABBREVIATIONS & ACRONYMS 

ABoVE - Arctic-Borea! Viilnerabitify Experiment 
ACCR! - Aviation Climate Change Research Initiative 
ACIS - Applied Climate information System 

ACRIMSAT - Activity Cavity Radiometer Irradiance Monitor 
SATellite 

AFOSR - Air Force Office of Scientific Research 
AFRI - Agriculture and Food Research initiative 

AgMiP - Agricultural Model Intercomparison and Improvement 
Project 

AMF - Atmospheric Radiation Measurement Mobile Facility 

AMOC - Atlantic Meridional Overturning Circulation 

AR4 - IPCC Fourth Assessment Report 

AR5 - IPCC Fifth Assessment Report 

ARL - Air Resources Laboratory 

AMR - Atmospheric Radiation Measurement 

ARO-Army Research Office 

ARS- Agricultural Research Service 

BASINS CAT - BASINS Climate Assessment Tool 

BIO - NSF Directorate for Biological Science 

BDR- Budget Data Request 

CAAFI - Commercial Aviation Alternative Fuels Initiative 

CALIPSO - Cloud-Aerosoi Lidar and Infrared Pathfinder Satellite 
Observation 

CARD - California Air Resources Board 

CARVE - Carbon in Artie Reservoirs Vulnerability Experiment 

CASI - Climate Adaptation Science Investigators 

CATs - Climate Assessment Tools 

CCHHG - Climate Change and Human Health Croup 

CCIWG - Carbon Cycle Interagency Working Croup 

CDC - Centers for Disease Control and Prevention 

CeSP - Climate Change Science Program 

CENRS- Committee on Environment, Natural Resources, and 
Sustainability 

CEQ- Council on Environmental Quality 

CFMIP- Cloud Feedback Model Intercomparison Project 

CH^- Methane 

CISA - Carolinas Integrated Sciences and Assessments 
CLEEN - Continuous Lower Energy, Emissions, and Noise 


cue -Climate and the Cryosphere 
CLIVAR- Climate Variability and Prediction 
CLM- Community Land Model 
CloudSat- Cloud Satellite 

CMIP5 - Fifth-phase Coupled Mode! Intercomparison Project 
CNH -Coupled National and Human systems 
COj- Carbon Dioxide 
COP - Conference of Parties 

COSMIC -Constellation Observing System for Meteorology, 
Ionosphere, and Climate 

COSP-Cloud Feedback Model intercomparison Project Obser- 
vation Simulator lockage 

CRREL-Cold Regions Research and Engineering Laboratory 
CSC - Climate Science Centers 
DARPA - Defense Advanced Research Projects Agency 
DDIT - Dynamic Drought Index Too! 

DHS - Department of Homeland Security 

DMS - Digital Mapping System 

DMUU - Decision Making Under Uncertainty 

DoD - Department of Defense 

DOE - Department of Energy 

DOI - Department of the interior 

DOS - Department of State 

DOT - Department of Transportation 

DR- Departmental Regulation 

DRMS - Decision, Risk, and Management Sciences 

EaSM - Earth System Models 

E!D - Ecology of Infectious Diseases 

ENSO-EI Nino-Southern Oscillation 

EO - Earth Observer 

EPA - Environmental Protection Agency 

EPPA - Emissions Prediction and Policy Analysis 

ERDC - Engineer Research and Development Center 

ERS - Economic Research Center 

ESM - Earth System Modeling 

ESMF - Earth System Modeling Framework 

ESSI - Earth System Sustainability Initiative 
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ESSP- Earth System Science Partnership 
EV - Earth Venture 

FAA - Federal Aviation Administration 
FACA - Federal Advisory Committee Act 
FEWS - Famine Early Warning Systems 
FIA - Forest Inventory Analysis 
FTF - Feed the Future Initiative 
FY- Fiscal Year 

GCIS - Globa! Change Information System 

GCOS- Global Climate Observing System 

GCRA - Global Change Research Act 

GCRIO- Global Change Research Information Office 

GDP -Gross Domestic Product 

GEO - Group on Earth Observations 

GEOSS - Global Earth Observation System of Systems 

GEWEX - Global Energy and Water Cycle Experiment 

GHG - Greenhouse Gas 

GLOBE - Global Learning and Observations to Benefit the 
Environment 

COOS - Global Ocean Observation System 

CPS - Globa! Positioning System 

GRA - Global Research Alliance 

GRACE - Gravity Recovery and Climate Experiment 

GKACEnel - Greenhouse Gas Reduction through Agricultural 
Carbon Enhancement network 

C5A - General Services Administration 

GVP - Global Volcanism Program 

HHS- U.S. Department of Health and Human Services 

HPC - High Performance Computing 

HUC~ Hydrological Unit Code 

iAM - Integrated Assessment Models 

ICCATF - Interagency Climate Change Adaptation Task Force 

ICESat- Ice, Cloud, and land Elevation Satellite 

ICE-t- Interagency Communications and Education Team 

ICiUS- Integrated Climate and Land Use Scenarios 

ICSU - International Council of Science 

lEHS - Chinese National Institute of Environmental Health and 
Related Product Safety 

IGBP - International Geosphere-Biosphere Program 


ICFA- International Croup of Funding Agencies for Global 
Change Research 

IGIM - Interagency Croup on integrated Modeling 
IHDP- International Human Dimensions Program 

INCA - Interagency National Climate Assessment Working 
Croup 

INFLUX -Indianapolis Flux Experiment 

loss - Integrated Ocean Observing System 

IPCC - Intergovernmental Panel on Climate Change 

ISSC - International Social Science Council 

IT - Information Technology 

IWG - Interagency Working Group 

}PSS - joint Polar Satellite System 

LBA - Large Scale Biosphere-Atmosphere 

LDCM - Landsat Data Continuity Mission 

LTER - Long-Term Ecological Research 

LTRE8 - Long-Term Research in Environmental Biology 

LULC - Land Use/Land Cover 

MARKAL - MARKet Allocation 

MATCH - Metadata Access Tool for Climate and Health 

MC3E- Midlatitude Continental Convective Cloud Experiment 

MEKRA - Modern Era Retrospective Analysis for Research and 
Applications 

MIT - Massachusetts Institute of Technology 

MODIS - Moderate Resolution Imaging Spectroradiometer 

MPS- Division of Mathematical and Physical Sciences 

NAS - National Academy of Sciences 

NSA5 - National Aeronautics and Space Administration 

NASS - National Agricultural Statistics Service 

NCA - National Climate Assessment 

NCADAC - National Climate Assessment and Development 
Advisory Committee 

NCAR- National Center for Atmospheric Research 

NCCWCS - National Climate Change and Wildlife Science 
Center 

NCDC - National Climatic Data Center 

NCEP - National Center for Environmental Prediction 

NCO - National Coordination Office 

NDVI - Normalized Difference Vegetation Index 

NEO - National Earth Observations 
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NEON - National Ecological Observatory Network 

NESDIS - National Environmental Satellite, Data, and Informa- 
tion Service 

NGDC- National Geophysical Data Center 

NGEE - Next Generation Ecosystem Experiment 

NGO - Non-governmental Organizations 

NHTSA - National Highway Traffic Safety Administration 

NIEHS- National institute of Environmental Health Sciences 

NIFA - National Institute of Food and Agriculture 

NIH - National institutes of Heath 

NMME - National Multi-Model Ensemble 

NMNH - National Museum of Natural History 

NOAA - National Oceanic and Atmospheric Administration 

NOC - National Ocean Council 

NODC- National Oceanographic Data Center 

NO - Nitrogen Oxide 

NPOESS- National Polar-orbiting Operational Environmental 
Satellite System 

NPP- NPOESS Preparatory Project 

NPS - National Park Service 

NRC- National Research Council 

NRCS- Natural Resources Conservation Service 

NRI - National Resources inventory 

NSF - National Science Foundation 

NSTC - National Science and Technology Council 

NWS - National Weather Service 

NZP- National Zoological Park 

OAR - Oceanic and Atmospheric Research 

Obs4MIPs - Observation for Model intercomparison Projects 

OCO~ Orbiting Carbon Observatory 

OMB - Office of Management and Budget 

ONR - Office of Naval Research 

OPP - Office of Polar Programs 

ORD - Office of Research and Development 

OSTM -- Ocean Surface Topography Mission 

OSTP- Office of Science and Technology Policy 

PAR - Photosynthetically Active Radiation 

PARTNER - Partnership for Air Transportation Noise and 
Emissions Reduction 


PDSI - f^lmer Drought Severity index 
ppm - parts per million 
reu - practical salinity units 
QDR- Quadrennial Defense Review 
QuikSCAT - Quick Scatterometer 

RAMA - Research Moored Array for African-Asian-Australian 
Monsoon Analysis and Prediction 

RCC - Regional Climate Centers 

RCP - Representative Concentration Pathways 

RDD - Research and Development Division 

REDD+ - Reducing Emissions from Deforestation and Degrada- 
tion 

RISA - Regional Integrated Sciences and Assessments 
RO - Radio Occultation 

RRED - Resource and Rural Economics Division 
RRP - Revised Research Plan 
SAGE -Stratospheric Aerosol and Gas Experiment 
SBA - Societal Benefit Area 

SBE - Directorate for Social, Behavioral and Economic Sciences 

SCAN - Soil Climate Analysis Network 

SEES - Science, Engineering, and Education for Sustainability 

SERDP- Strategic Environmental Research and Development 
Program 

SGCR - Subcommittee for Global Change Research 

SIGEO - Smithsonian Institution Croup on Earth Observations : 

SNOTEL - Snowpack Telemetry 

SOj- Sulfur Oxides 

SORCE - Solar Radiation and Climate Experiment 
SPARC -Stratospheric Processes and their Role in Climate 
SPURS -Salinity Processes in the Upper Ocean Regional Study 

SREX - Special Report on Managing the Risks of Extreme Events, 
and Disasters to Advance Climate Change Adaptation 

SSREN - Special Report on Renewable Energy Sources and 
Climate Change Mitigation 

SSS - Sea Surface Salinity 
SST - Sea Surface Temperature 

STEM - Science, Technology, Engineering, and Mathematics 
STRI -Smithsonian Tropica! Research Institute 
Suomi-NPP -Suomi National Poiar-orbiting Partnership 
TFCC - Task Force Climate Change 



TRMM- Tropical Rainfall Measuring Mission 
TSU - Technical Support Unit 

UCAE - University Corporation for Atmospheric Research 
ULTRA - Urban Long-Term Research Area 
UN - United Nations 

UNEP - United Nations Environment Programme 

UNESCO - United Nations Educational, Scientific, and Cuiturai 
Organization 

UNFCCC- United Nations Framework Convention on Climate 
Change 

USAGE - U.S. Army Corps of Engineers 

USAID - U.S. Agency for International Development 

USA-NPN - USA National Phenology Network 

USDA- U.S. Department of Agriculture 

USGCRP-U.S. Global Change Research Program 

USGEO - U.S. Group on Earth Observation 

uses - U.S. Geological Society 

WCRP- World Climate Research Programme 

WEPPCAT - Water Erosion Prediction Project Climate Assess- 
ment Tool 

WGII ~ Working Group 11 

WGISS - CEOS Working Croup on information Systems and 
Science 

WMO- World Meteorological Organization 
WOA - World Ocean Assessment 
WRAP - Water Resource Adaptation Program 
WWRP - World Weather Research Program 
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Key Messages 






1. Global eliniatc is changing now and this change is apparent across a wide 
range of observations. Much of the climate change of the past SO years is 
primarily due to human activities. 

2. Global climate is projected to continue to change over this century and 
beyond. The magnitude of climate change beyond the next few decades 
depends primarily on the amount of heat-trapping gases emitted globally, 
and how sensitive the climate is to those emissions. 

3. U.S. average temperature has increased by about L5°F since record keeping 
began in 1895; more than 80% of this increase has occurred since 1980. The 
most recent decade was the nation’s warmest on record. U.S. temperatures 
are expected to continue to rise. Because human-induced warming is 
superimposed on a naturally varying climate, the temperature rise has not 
been, and will not be, smooth across the country or over time. 

4. The length of the frost-free season (and the corresponding growing season) 
has been increasing nationally since the 1980s, with the largest increases 
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occurring in the western U.S., affecting ecosystems and agriculture. 
Continued lengthening of the growing season across the U.S. is projected. 

5. Precipitation averaged over the entire li.S. has increased during the period 
since 1900, but regionally some areas have had increases greater than the 
national average, and some areas have had decreases. The largest increases 
have been in the Midwest, southern Great Plains, and Northeast. Portions of 
the Southeast, the Southwest, and the Rocky Mountain states have 
experienced decreases. More winter and spring precipitation is projected for 
the northern U.S., and less for the Southwest, over this century. 

6. Heavy downpours are increasing in most regions of the U.S., especially over 
the last three to five decades. Largest increases are in the Midwest and 
Northeast. Further increases in the frequency and intensity of extreme 
precipitation events are projected for most U.S. areas. 

7. Certain tj’pes of extreme weather events have become more frequent and 
intense, including heat waves, floods, and droughts in some regions. The 
increased intensity' of heat waves has been most prevalent in the xvestern 
parts of the country, while the intensity' of flooding events has been more 
prevalent over the eastern parts. Droughts in the Southwest and heatwaves 
every where are projected to become more intense in the future. 

8. There has been an increase in the overall strength of hurricanes and in the 
number of strong (Category' 4 and 5) hurricanes in the North Atlantic since 
the early 1980s. The intensity' of the strongest hurricanes is projected to 
continue to increase as the oceans continue to warm; ocean cycles will also 
affect the amount of warming at any given time. With regard to other types 
of storms that affect theU.S., winter storms have increased slightly in 
frequency and intensity, and their tracks have shifted northward over the 
U.S. Other trends in severe storms, including the numbers of hurricanes and 
the intensity and frequency of tornadoes, hail, and damaging thunderstorm 
winds are uncertain and arc being studied intensively. 

9. Global sea level has risen by about 8 inches since reliable record keeping 
began in 1880. It is projected to rise another 1 to 4 feet by 2100. 

10. Rising temperatures arc reducing ice volume and extent on land, lakes, and 
sea. This loss of ice is expected to continue. 

1 1. The oceans arc currently absorbing about a quarter of the carbon dioxide 
emitted to the atmosphere annually and are becoming more acidic as a 
result, leading to concerns about potential impacts on marine ecosystems. 
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1 Our Changing Climate 

2 This chapter summarizes how climate is changing, why it is changing, and what is 

3 projected for the future. While the focus is on changes in the United States, the need to 

4 provide context requires a broader geographical perspective in some parts of the 

5 discussion. Additional geographic detail is presented in the regional chapters of this 

6 report. Further details on the topics of this chapter are provided in the Appendix. 

7 Since the previous national climate assessment was published in 2009, the climate has 

8 continued to change, with resulting effects on the U.S, The trends described in the 2009 

9 report have continued, and our understanding of the data and ability to model the many 

10 facets of the climate system have increased substantially. Several noteworthy advances 

1 1 are mentioned below. 

12 What’s New? 

1 3 • Continued warming and an increased understanding of the U.S. temperature 

1 4 record, as well as multiple other sources of evidence, have strengthened our 

1 5 confidence in the conclusions that the warming trend is clear and primarily the 

16 result of human activities. 

1 7 • Heavy precipitation and extreme heat events are increasing in a manner consistent 

1 8 with model projections; the risks of such extremeevents will rise in the future. 

1 9 • The sharp decline in summer Arctic sea icc has continued, is unprecedented, and 

20 is consistent with human-induced climate change. 2012 has set a new record for 

21 minimum area of Arctic ice. 

22 •A longer and better-quality history of sea level rise has increased confidence that 

23 recent trends are unusual and human-induced. Limited knowledge of ice sheet 

24 dynamics leads to a broad range of potential increases over this century. 

25 • New approaches to building scenarios of the future have allowed for 

26 investigations of the implications of deliberate reductions in heat-trapping gas 

27 emissions. , 

28 Eleven key messages are presented below, together with supporting evidence. The 

29 discussion of each key message begins with a summary of recent variations or trends, 

30 followed by informatiori on the corresponding changes projected for the future. 
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1 Observed Climate Change 

2 Global climate is changing now and this change is apparent across a wide range of 

3 observations. Much of the climate change of the past 50 years is due primarily to 

4 human activities. 

5 Many aspects of the global climate are changing rapidly, and the primary drivers of that 

6 change are human in origin. Evidence for climate change abounds, from the top of the 

7 atmosphere to the depths of the oceans (Kennedy et ai. 2010). This evidence has been 

8 painstakingly compiled by scientists and engineers from around the world using satellites, 

9 weather balloons, thermometers at surface stations, and many other types of observing 

10 systems that monitor the Earth’s climate system. The sum total of this evidence tells an 

1 1 unambiguous story: the planet is warming. Temperatures at the surface, in the 

12 troposphere (the active weather layer extending up to about 8 to 12 miles above the 

1 3 ground), and in the oceans have all increased over recent decades. Snow and ice cover 

14 have decreased in most areas. Atmospheric w'ater vapor due to increased evaporation 

1 5 from the warmer surface has been increasing in the. lower atmosphere, as have sea levels. 

1 6 Changes in other climate-relevant indicators such as growing season length have been 

17 observed in many areas. Worldwide, the observed changes in average conditions have 

1 8 been accompanied by trends in e.\tremes of heat. cold, drought, and heavy precipitation 

19 events (Alexander et al. 2006). 

20 Climate model simulations reinforce scientific understanding that observed variations in 

2 1 global average surface temperature over the past century can only be explained through a 

22 combination of human and natural factors. However, natural drivers of climate cannot 

23 explain the recent observed.warming; over the last five decades, natural factors (solar 

24 forcing and volcanoes) alone would actually have led to a slight cooling (Gillett et al. 

25 2012). Natural variability, including the effects of El Nino and La Niha events and 

26 various ocean cycles, also affects climate, but the changes observed over the past 50 

27 years are far larger than natural variability can account for. The majority of the warming 

28 can only be explained by the effects of human influences (Gillett et al. 2012; Stott et al. 

29 2010). especially the .emissioiis from burning of fossil fuels such as coal, oil, and natural 

30 gas, This robust scientific attribution of observed changes to human influence extends to 

31 many other climate quantities, such as precipitation (Min et al. 201 i; Pall et al. 201 1). 

32 humidity (Santer et al, 2007; Willett et al. 2007), pressure (Gillett and Stott 2009), ocean 

33 heat content, (AchutaRao et al. 2006), and tropospheric and stratospheric temperature 

34 (Santer et al. 2012} in addition to surface temperature. Further discussion of attribution is 

35 provided in the Appendix. 

36 Natural variations in climate include the effects of the natural cycles mentioned above, 

37 plus the 1 1 -year sunspot cycle and other changes in the radiation from the Sun, as well as 

38 the effects of volcanic eruptions. Natural variations can be as large as human-induced 

39 climate change over timescales of up to a decade or two at the global scale. As a result, 

40 global temperature does not always increase steadily, as evidenced, for example, by the 

41 period between 1998 and 2007, which showed little change. This time period is too short 

42 to signify a change in the warming trend, as climate trends are measured over periods of 

43 decades, not years (Easterling and Wehner 2009; Foster and Rahmstorf 2011; Knight et 
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1 al. 2009; Rahmstorf et al. 2012; Santer et al. 2011). Over the time scale of multiple 

2 decades, the human influence has been dominant, and the most recent 10-year period is 

3 clearly the hottest on record. Note that changes in temperature at local scales, such as 

4 urban areas, can be quite different than those at larger spatial scales, in part because of 

5 local land-use patterns. 
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Box: Models Used in the Assessment 

Throughout the 20 1 3 National Climate Assessment report, there are references to 
projections from models of the physical processes affecting the Earth’s climate system. 
Three distinct sets of model simulations are discussed: 

• Climate Model Intercomparison Project, phase (CMIP3): global model 
analyses done for the 2007 IPCC assessment. Spatial resolutions typically vary 
from 125 to 1 87 miles (at mid-latitudes); approximately 25 representations of 
different models (not all are used in all studies). C1VIIP3 findings are the 
foundation for most of the impact assessments included in this report. 

• Climate Model Intercomparison Project, S"' phase (CM1P5): Newer global model 
analyses done for the 20 1 3 IPCC assessment. Spatial resolutions typically vary 
from 62 to 125 miles; about 30 representations of different models (not all are 
used in all studies); this new information was not available in time for it to serve 
as the foundation for the impacts assessments in this report, and information from 
CMIP5 is primarily provided for comparison purposes, 

• North American Regional Climate Change Assessment Program (NARCCAP): 6 
regional climate model analyses (and one global model) for the continental U.S. 
run at about 30-miIe horizontal resolution. 
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Ten Indicators of a Warming World 



1 ■' 

2 Figure 2.1: Ten Indicators of a Warming World 

3 Caption: These are just some of the many indicators that have been measured 

4 globally over many decades and thatshow that Earth's climate is warming. White 

5 arrows indicate increasijtg trends, black arrows indicate decreasing trends. All the 

6 indicators expected tdrihcrease in a warming world are increasing, and all those 

7 expected to decrease in a warming world are decreasing. (Figure source: NOAA 

8 NCDC) ., 
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Global Temperature and Carbon Dioxide 



400 


380 

B 

CL 

360 3 
c 
g 

340 'g 

c 

<D 

320 c 
o 
O 

300 O” 

o 


280 


260 


1 Year 

2 Figure 2.2: Global Temperature and Carbon Dioxide 

^4 * 

3 Caption: Global annual average temperature (as measured over both land and 

4 oceans; scale on leftThas increased by more than 1.4°F (0.8°C) since 1880. Red 

5 bars show temperatures above the long-term average, and blue bars indicate 

6 temperatures beldwiithe long-term average. The black line shows atmospheric 

7 carbon dioxide (CO,) concentration in parts per million (ppm); scale on right. 

8 While there is a clear long-term global warming trend, some years do not show a 

9 temperature increase relative to the previous year, and some years show greater 

10 changes than others. The.se year-to-year fluctuations in temperature are due to 

1 1 natural processes, such as the effects of El Ninos, La Ninas, and the eruption of 

12 large volcanoes. (Figure source: NOAA NCDC. Temperature data from NOAA 

13 NCDC 2012; C02 data from NOAA ESRL20I2.) 

14 Future Climate Change 

1 5 Global climate is projected to continue to change over this century and beyond. The 

16 magnitude of climate change beyond the next few decades depends primarily on the 

1 7 amount of heat-trapping gases emitted globally, and how sensitive the climate is to 

1 8 tho.se emissions. 

1 9 A certain amount of continued warming of the planet is projected to occur as a result of 

20 human-induced emissions to date; another 0.5°F increase would occur even if all 

21 emissions from human activities were suddenly stopped (Matthews and Zickfeld 2012). 

22 However, choices made now and in the next few decades will determine the amount of 
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1 additional future warming. Beyond mid-century, lower levels of heat-trapping gases in 

2 scenarios with reduced emissions will lead to noticeably less future warming. Higher 

3 emissions levels will result in more warming, and thus more severe impacts on many 

4 aspects of human society and the natural w'orld. 

5 Our confidence in projections of future climate change has increased. The wider range of 

6 potential changes in global average temperature in the latest generation of climate model 

7 simulations (Taylor et al. 2012) used in the IPCC’s current assessment versus those in the 

8 previous assessment (IPCC 2007) is simply a result of considering more options for 

9 future human behavior. For e.xample, one of the .scenarios included in the IPCC’s latest 

1 0 assessment assumes aggressive emissions reduction designed to limit the global 

1 1 temperature increase to 3.6°F (2°C) above pre-industrial levels (Sehnelinhuber et al. 

12 2006). This path would require emission reductions (more than .70% reduction in human- 

1 3 related emissions by 2050 - see Appendix. Key Message 5) sufficient to achieve heat- 

14 trapping gas concentrations well below those of any of the scenarios considered by the 

15 IPCC in its 2007 assessment. Such scenarios enable the investigation of climate impacts 

16 that would be avoided by deliberate, substantial, and aggressive reductions in heat- 
i 7 trapping gas emissions. 

18 Projections of changes in precipitation largely follow recently observed patterns of 

1 9 change, with overall increases in the global average but substantial shifts in where and 

20 how precipitation falls. Generally, areas closesttp the poles ate projected to receive more 

21 precipitation, while the dry belt that lies just outside the tropics (greater than 23°N/S) 

22 expands further poleward and receives less rain. Increases In tropical precipitation are 

23 projected during rainy seasons (such as monsoons), especially over the tropical Pacific. 

24 Certain regions, including the western U.S. (especially the Southwest (Karl et al. 2009)) 

25 and the Mediterraneaiii are already dry and are expected to become drier. The widespread 

26 trend toward more heavy downpours is expected to continue, with precipitation becoming 

27 less frequent but more Mfense. The patterns of the projected changes of precipitation do 

28 not contain the spatial details that characterize observed precipitation, especially in 

29 mountaino,us tlrfainj'hecause the projections are averages from multiple models and 

30 because the resolution of global climate models is typically about 60 miles. 
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Average Global Temperature Projections 



1 

.Ass, 

2 Figure 2.3: Average Global Temperature Projections 

3 Caption: Projected global average annual temperature changes (°F) for multiple 

4 future .emissions scenaridi' relative to the 1901-1960 average temperature. The 

5 dashed lines are results from the previous generation of climate models using the 

6 previous generation :_oF emissions scenarios (the SRES set). The solid lines are 

7 results from the most recent generation of climate models using the most recent 

8 emissions ^scenarios, (the RCP set), some of which consider explicit climate 

9 policies, which the older ones did not. Differences among these projections are 

10 principally a.;.result of differences in the emissions scenarios rather than 

1 1 differences among the climate models. (Figure .source: Michael Wehner, LBNL. 

12 Data from aVllP3, CIVI1P5, and NOAA, 2012.) 
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Largest Temperature Increases Over Continents 


Figure 2.4: Largest Temperature Increases Over Cnntinent-s 

Caption: Projected change (°F) in annual average temperature over the period 
2071-2099 (compared to the period 1971-2000) under a low emissions pathw'ay 
(RCP 2,6, left graph) that assumes rapid rediictions .iti emissions and a high 
pathway (RCP 8.5, right graph) that a.ssumes continued increases in emissions. 
(Figure source: NOAA NCDC / CICS-NC. Data from CMIP5.) 


Generally, Wet Get Wetter and Dry Get Drier 
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Figure 2.5: Generally, Wet Get Wetter and Dry Get Drier 


Caption: Projected percent change in annual average precipitation over the period 
2071-2099 (compared to the period 1901-1960) under a low- emissions pathway 
(RCP 2.6) that assumes rapid reductions in emi.ssions and a high pathway (RCP 
8.5) that assumes continued increases in emissions. Teal indicates precipitation 
increases, and brown, decreases. Matched areas indicate confidence that the 
projected changes are large and are consi-stently wetter or drier. White areas 
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1 indicate confidence that the changes are small. Wet regions generally tend to 

2 become wetter while dry regions become drier. In general, the northern parts of 

3 the U.S. (especially the Northeast and Alaska) are projected to see more 

4 precipitation, while the southern part (especially the Southwest) is projected to see 

5 less. (Figure source: NOAA NCDC / CICS-NC. Data from CM1P5, analyzed by 

6 Michael Wehner, LBNL.) (note: to be redone with base period 1971-2000) 

1 Recent U.S. Temperature Trends 

8 U.S. average temperature has increased by about 1.5°F since record keeping began 

9 in 1895; more than 80“/o of this increase has occurred since 1980. The most recent 

10 decade was the nation’s w'armest on record. U.S. temperatures are expected to 

1 1 continue to rise. Because human-induced warming is superimposed on a naturally 

1 2 varying climate, the temperature rise has not been, and will not be, smooth across 

1 3 the country or over time. 

1 4 There have been substantial advances in our understanding of the U.S. temperature record 

1 5 since the 2009 assessment (Fall et al. 2010; Fall et-al. 2011; Karl et al. 2009; Menne and 

16 Williams .Ir 2009; Menne et al. 2009; Menne et al. 2010; Vose ct al. 2012; Williams et al. 

17 2012) (Appendix, Key Message 6 for more information). These advances, together with 

1 8 the continued warming, have strengthened our confidence; in, and understanding of the 

1 9 reasons for, the warming. They also confirm that the average, annual temperatures have 

20 increased over most of the U.S. by about 1 .5°F since 1 895 (Menne et al, 2009). Flowever, 

21 this increase was not constant over time. In particular, temperatures generally rose until 

22 about 1940, declined until about 1980, then increased rapidly thereafter, with 80% of the 

23 total increase occurring after 1 980. Over even shorter time scales up to a decade or more, 

24 natural variability (see,t(ie Appendix) can reduce the rate of warming or even create a 

25 temporary cooling. The cooling in mid-century that was especially prevalent over the 

26 eastern half of the U.S. may also havl'stemmed partly from the cooling effects of sulfate 

27 particles from coal burning, fidwer plants (Leibensperger et al. 20 1 2), before these sulfur 

28 emissions were. regulated to address health and acid rain concerns. 

29 Since 1991, temperatures have averaged 1°F to I .S^F higher than 1901-1960 over most of 

30 the U.Sii except for the Southeast, where the warming has been less than 1°F. On a 

3 1 seasonal basis, long-term warming has been greatest in winter and spring. 

32 The cooling in raid-century extended over most of the southern and eastern U.S., and 

33 temperatures decreased slightly in parts of the Southeast if measured as a trend over the 

34 full century 1900-2000 (in contra.st to almost all other global land areas, which warmed 

35 over that period). Such regional cooling can occur occasionally because natural variations 

36 can be larger than human influences over small areas for periods of decades. However, 

37 the Southeast has warmed over the past few decades and warming is ultimately projected 

38 for ail parts of the nation during this century. In the next few decades, this warming will 

39 be roughly 2°F to 4°F in most areas. By the end of the century, U.S. warming is projected 

40 to correspond closely to the level of global emissions: roughly 3°F to S^F under lower 

41 emissions scenarios (B1 or RCP 4,5) involving substantial reductions in emissions, and 

42 5‘’F to 1 0°F for higher emissions scenarios (A2 or RCP 8.5) that assume continued 
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increases in emissions; the largest temperature increases are projected for the upper 
Midwest and Alaska. 
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Figure 2.6: Observed U.S. Temperature Change 

Caption: The colors on the map show temperature changes over the past 20 years 
in °F (1991-201 ly compared to the 1901-1960 average. The bars on the graphs 
show the average temperature changes by decade foi' 1901-2011 (relative to the 
1901-1960 average) for each region'. The far right bar in each graph (2000s 
decade)>inc!iicl,es 201 1. The period from 2001 to 2011 was warmer than any 
previous decade in every region, (figure source: NOAA NCDC / CICS-NC. Data 
from NO.AA NCDC. ) ' 

Future human-induced warming depends on both past and future emissions of heat- 
trapping gases and changes in the amount of particle pollution. The amount of climate 
change (aside from naturai variability) expected for the ne.xt two to three decades is a 
combination of the warming already built into the climate system by the past history of 
human emissions of heat-trapping gases, and the expected ongoing increases of emissions 
of those gases. The amount of warming over the next few decades is projected to be 
similar regardless of emissions scenario. However, the magnitude of temperature 
increases over the second half of this century, both in the U.S. and globally, will be 
primarily determined by future emissions, and there are substantial differences between 
higher, fo.ssil-fuel intensive scenarios compared to scenarios in which emissions are 
reduced. The most recent model projections of climate change due to human activities 
expand the range of future scenarios considered (particularly at the lower end), but are 
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entirely consistent with the older mode! results. This consistency increases our 
confidence in the projections. 


Projected Temperature Change 
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Figure 2.7: Projected Temperature Change 

Caption: Maps show projected change in average surface air temperature in the 
later part of this century (2070-2099) relative to the later part of the last century 
(1971-1999) under a scenario that assumes substantial reductions in heat trapping 
gases (Bl-f Jeft):and a higher emissions scenario that assumes continued increases 
in global emLssfbns .(A2, ri^t). These scenarios are used throughout this report 
for assessing impacts under lower and higher emissions. Projected changes are 
averages from 15 CMIP3 models for the A2 scenario and 14 models for the B1 
scenario. (See Appendix. Key Message 5 for a discussion of temperature changes 
under asiwider range of future scenarios for various periods of this century). 
(Figure source: adapted from (Kunkel et al. 2012).) 
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I BOX: Newer Simulations for Projected Temperature {CMIP5 models) 


2 

3 Figure 2.8: 

4 Caption: The largest uncertainty in projecting future climate change is the level 

5 of emissions. The most recent model projections (shown above) take into account 

6 a wider range of options with regard to human behavior; these include a lower 

7 emissions scenario (RCP 2.6. top left) than has been considered before. This 

8 scenario assumes rapid reductions in emissions - more than 70% cuts from 

9 current levels by 20.50 - and the corresponding smaller amount of warming. On 

10 the high end, they include a scenario that assumes continued increases in 
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1 emissions (RCP 8.5, bottom right) and the corresponding greater amount of 

2 warming. Also shown are temperature changes (°F) for the intermediate scenarios 

3 RCP 4.5 (top right, which is most similar to Bl) and RCP 6.0 (bottom left, which 

4 is most similar to AIB; see the Appendix). Projections show change in average 

5 surface air temperature in the later part of this century (2071-2099) relative to the 

6 late part of the last century (1971-2000). (Figure source: NOAA NCDC / CICS- 

7 NC. Data from CMIP5.) 

8 — end box — 

9 Lengthening Frost-free Season 

10 The length of the frost-free season (and the corresponding growing season) has been 

1 1 increasing nationally since the 1980s, with the largest increases occurring in the 

1 2 western U.S., affecting ecosystems and agriculture. Continued lengthening of the 

1 3 growing season across the U.S. is projected. 

14 The length of the frost-free season (or growing season, in common usage) is a major 

1 5 determinant of the types of plants and crops that are well-adapted to a particular region. 

16 The frost-free season length has been gradually increa.sing since the 1980s (U.S. 

17 Environmental Protection Agency 2010). The last occurrence of 32°F in the spring has 

1 8 been occurring earlier in the year, and the first occurrence of 32°F in the fall has been 

1 9 happening later. During 1991-2011, the average frost-free season was about 1 0 days 

20 longer than during 1 90 1 - 1 960. These observed climate,changes have been mirrored by 

2 1 changes in the biosphere, including increases in forest productivity (Dragoni et al. 2011), 

22 satellite estimates of the length of the growing season (Jeong et al. 20 1 1 ), and length of 

23 the ragweed pollen season (Ziska et al. 201 1). A longer growing season can mean greater 

24 evaporation and loss ofanoisture through plant transpiration associated with higher 

25 temperatures so that e9irt with a longer frost-free season, crops could be negatively 

26 affected by drying. Likewise, increases in forest productivity can be offset by drying, 

27 leading to an earlier and longer fire season and more intense fires. 

28 The lengthening of the frost-free' season has been somewhat greater in the western U.S. 

29 than the eastern U.S. (Karl et al. 2009), increasing by 2 to 3 weeks in the Northwest and 

30 Southwest, 1 to 2 weeks in the Midwest, Great Plains, and Northeast, and slightly less 

3 1 than 1 week in the Southeast. These differences mirror the overall trend of more warming 

32 in the north and west and less warming in the Southeast. 

33 In a future in which heat-trapping gas emissions continue to grow, increases of a month 

34 or more in the lengths of the frost-free and growing seasons are projected across most of 

35 the U.S. by the end of the century, with slightly smaller increases in the northern Great 

36 Plains. The largest increases in the frost-free season (more than 8 weeks) are projected 

37 for the western U.S., particularly in high elevation and coastal areas, consistent with 

38 rising sea surface temperatures. The increases would be considerably smaller if heat- 

39 trapping gas emissions are reduced, although still substantial. These increases are 

40 projected to be much greater than the normal year-to-year variability experienced today. 

41 The projected changes also imply that the southern boundary of the seasonal freeze zone 
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1 will move north, with increasing frequencies of years without siibfreezing temperatures in 

2 the most southern parts of the U.S, 



Observed Changes in Frost-Free Season 


Increases in Annual Number of Days 

□ cm ■ ® sm 

<5 5-10 11-15 1 5-20 >20 

3 

4 Figure 2,9; (Dfeserved Changes in Frost-Free Season 

5 Captidn; The frost-free season length, defined as the period between the last 

6 occurrence of 32°F in the spring and the first occurrence of 32°F in the fall, has 

7 increased in each U.S. region during 1991-201 1 relative to 1901-1960, Increases 

S in frost-free days correspond to similar increases in growing season length, 

9 (Figure ,source: NO.AA/NCDC / CICS-NC. Data From Kunkel et al. 2012a, 2012b, 

10 2012c, 2012d; 20!2e.20l2f). 
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Projected Changes in Frost-Free Season 


Higher Emissions (A2) 
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2 Figure 2.10: Projected Changes in Frost-Free Season 

3 Caption. The niaps’show projected increases in frost-free days for the last three 

4 decades of this century (2070-2099 as compared to 1971-2000) under two 

5 emissions scenarios, one in which heat-trapping gas emissions continue to grow 

6 (A2, top map) and one in which emissions are rapidly reduced (Bl, bottom map). 

7 Increases in the frost-free season correspond to similar increases in the growing 

8 season. (Figure source; NOAA NCDC / CICS-NC. Data From CMIP3 Daily 

9 Statistically Downscaled; Flayhoe et al. 2008; Flayhoe et al. 2004; Kunkel et al. 

10 2012) 
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1 U.S. Precipitation Change 

2 Precipitation averaged over the entire U.S. has increased during the period since 

3 1900, but regionally some areas have had increases greater than the national 

4 average, and some areas have had decreases. The largest increases have been in the 

5 Midwest, southern Great Plains, and Northeast. Portions of the Southeast, the 

6 Southwest, and the Rocky Mountain states have experienced decreases. More winter 

7 and spring precipitation is projected for the northern U.S., and less for the 

8 Southwest, over this century. 

9 Since 1900, average annual precipitation over the U.S. has increased by roughly 5%. This 
iO increase reflects, in part, the major droughts of the 1930s and 1950scwhich made the 

] 1 early half of the record drier. There are important regional differences. For instance, 

1 2 precipitation since 1 99 1 (relative to 1901-1 960) increased the most in the Northeast (8%), 

13 Midwest (9%), and southern Great Plains (8%), while much of the Southeast and 

1 4 Southwest had a mix of areas of increases and decreases jMcRoberts and N ielsen- 

15 Gammon 201 1; Peterson et al. 2012) 


16 

17 Figure 2.11: Observed U.S. Precipitation Change 

1 8 Caption: The colors on the map show annual total precipitation changes (percent) 

1 9 for 1 99 1 -20 1 1 compared to the 1 90 1 - 1 960 average, and show wetter conditions in 

20 most areas (McRoberts and Nielsen-Gammon 2011). The bars on the graphs show 

21 average precipitation differences by decade for 1901-201 1 (relative to the 1901- 

22 1 960 average) for each region. The far right bar is for 2001 -20 1 1 . (Figure source: 

23 NOAA NCDC / CICS-NC. Data from NOAA NCDC.) 
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1 While significant trends in average precipitation have been detected, the fraction of these 

2 trends attributable to human activity is difficult to quantify because the range of natural 

3 variability in precipitation is large. However, if emissions of heat-trapping gases continue 

4 their upward trend, clear patterns of precipitation change are projected to emerge. The 

5 northern U.S. is projected to experience more precipitation in the winter and spring 

6 (except for the Northwest in the spring), while the Southwest is projected to experience 

7 less, particularly in the spring. 

8 The projected changes in the northern U.S. are a consequence of both a warmer 

9 atmosphere and associated large-scale circulation changes. Warmer air can hold more 

1 0 moisture than colder air, leading to more intense rainfall. The projected reduction in 

1 1 Southwest precipitation is a result of large-scale circulation changes caused by increased 

1 2 heating of the global atmosphere. Recent improvements in the understanding of these 

1 3 mechanisms of change increase confidence in these projections (Held and Soden, 2008). 

14 The patterns of the projected changes of precipitation resulting from human alterations of 

1 5 the climate are geographically smoother in these maps than what will actually be 

16 observed because: I ) natural variations can not be projected far into the future: and 2) 

1 7 current climate models are too coarse to capture fine topographic details, especially in 

1 8 mountainous terrain. Hence, there is considerably more confidence in the large-scale 

19 patterns of change than in the small details. “ - 
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Projected Precipitation Change by Season 
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Figufe,2.12: Projected Precipitation Change by Season 

Caption! Projected percent change in seasonal precipitation for 2070-2099 
(compared to the period 1901-1960) under an emissions scenario that assumes 
continued increases in emissions (A2). Teal indicates precipitation increases, and 
brown, decreases. Hatched areas indicate confidence that the projected changes 
are large and are consistently wetter or drier. White areas indicate confidence that 
the changes are small. Wet regions tend to become wetter while dry regions 
become drier. In general, the northern part of the U.S. is projected to see more 
winter and spring precipitation, while the Southwest is projected to experience 
less precipitation in the spring. (Figure source: NOAA NCDC / CICS-NC. Data 
from CMIP3; analyzed by Michael Wehner, LBNL.) (note: to be redone with 
base period 1971-2000) 
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1 In general, a comparison of the various sources of climate model data used in this 

2 assessment provides a consistent picture of the large-scale projected precipitation changes 

3 across the U.S. These include the global models used in the Coupled Model 

4 Intercomparison Project, versions 3 and 5 (CM1P3, CMIP5) as well as the suite of 

5 regional models (from the North American Regional Climate Change Assessment 

6 Program, NARCCAP), Multi-model average changes in all three of these sources show a 

7 general pattern of wetter future conditions in the north and drier conditions in the south, 

8 but the regional suite generally shows conditions that are overall somewhat wetter in the 

9 wet areas and not as dry in the dry areas. The general pattern agreement among these 

10 three sources, with the wide variations in their spatial resolution, provides confidence that 

1 1 this pattern is robust and not sensitive to the limited spatial resolution of the models. The 

12 slightly different conditions in the North American NARCCAP regional suite for the U.S. 

1 3 appear to arise partially or wholly from the choice of the four global climate models used 

14 to drive the regional simulations. These four models, averaged together, project average 

1 5 changes that are slightly ( 2 %) wetter than the average of the suite of global models used 

16 inCMIP3. “ '• 

1 7 The patterns of precipitation change in the newer CMlPo simulations are essentially the 

18 .same as in the earlier CMIP3 and NARCCAP simulations used in impact analyses 

19 throughout this report, increasing confidence in our scientific understanding. The subtle 

20 differences between these two sets of projections are mo-sfly due to the wider range of 

2 1 future emissions scenarios considered in the more recent simulations. Thus, the overall 

22 picture remains the same: wetter conditlcms in the north and drier conditions in the 

23 Southwest in the winter and spring. Drier conditions in the summer are projected in most 

24 areas of the contiguous U.S. but, outside of the Northwest and south-central region, there 

25 is generally not high confidence that the changes will be large compared to natural 

26 variability. In all models and scenarios, a transition zone between drier (to the south) and 

27 wetter (to the north) shifts northward from the southern U.S. in winter to southern Canada 

28 in summer. Wetter conditions are projected for Alaska and northern Canada in all 

29 sea-sons. 
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I BOX; Newer Simulations for Projected Precipitation Change (CMIP5 models) 



4 Projected seasonal precipitation change; (percent) for 2071-2099 (compared to 

5 1901-1960) as projected bj recent simulations that include a wider range of 

6 emissions scenarios. The maps on the left (RCP 2.6) assume rapid reductions in 

7 emissions - more than 70% cuts' ' from current levels by 2050 - and a 

8 corresponding much smaller amount of warming and far less precipitation change. 

9 On the right. RCP 8.5 assumes continued increases in emissions, with associated 

10 large increases in warming and major precipitation changes. These would include, 

1 1 for example, large reductions in spring precipitation in the Southwest and large 

12 increases in the Northeast and Midwest. Rapid ejiiissions reductions could be 

1.3 expected to yield the more modest changes in the maps on the left. In these 

14 seasonal projections, teal indicates precipitation increases, and brown, decreases. 

15 Hatched areas, indicate confidence that the projected changes are large and are 

16 consistently wetter or drier. White areas indicate confidence that the changes are 

17 small. (Figure source: NOAA NCDC / CICS-NC. Data from CM1P5; analyzed by 

1 8 Michael Wehner. LBNL.) (note: to be redone with base period 1971-2000) 

1 9 — end box — 
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1 Heavy Downpours Increasing 

2 Heavy downpours are increasing in most regions of the U.S., especially over the last 

3 three to five decades. Largest increases are in the Midwest and Northeast. Further 

4 increases in the frequency and intensity of extreme precipitation events are 

5 projected for most U.S. areas. 

6 Across most of the U.S., the heaviest rainfall events have become heavier and more 

7 frequent. The amount of rain falling on the heaviest rain days has also increased over the 

8 past few decades. Since 1991, the amount of rain falling in very heavy precipitation 

9 events has been above average in every region of the country, except Hawaii. This 

1 0 increase has been greatest in the Northeast, Midwest, and Great Plains - more than 30% 

1 1 above the 1 90 1-1960 average (Karl et al. 2009). There has also been an increase in 

1 2 flooding events in the Midwest and Northeast where the largest increases in heavy rain 

13 amounts have occurred. sJS;':. 

1 4 Warmer air can contain more water vapor than coolerair. Global analyses show that the 

1 5 amount of water vapor in the atmosphere has in fact increased over both land and oceans 

16 (Dai 2006; Simmons et al. 2010; Willett et al. 2008). Climate change also alters 

1 7 dynamical characteristics of the atmosphere that in turn affect weather patterns and 

1 8 storms. In the mid-latitudes, where most of the continental U.S. is located, there is an 

19 upward trend in extreme precipitation in the vicinity of fronts associated with mid- 

20 latitude storms (Kunkel et al. 2012h). 

21 Projections of future climate over the U.S. suggest that the recent trend towards a greater 

22 percentage of precipitation falling in heavy rain events will continue. In regions of 

23 increasing precipitation, such as the northern U.S., increasingly large percentages of the 

24 total precipitation will eome from heavy downpours. In these areas, heavy-precipitation 

25 events that are presently rare will become more common in the future. Moreover, heavy 

26 downpours will account for increasingly large portions of the total precipitation in 

27 regions such as the Southwest, where total precipitation is projected to decrease (Kunkel 

28 et al. 20 1 2h; Wehner 20 1 2; WuebWes et al. 20 1 2). 
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Observed U.S. Trends in Heavy Precipitation 



Decades 


2 Figure 2 . 14 ; Observed U.S. Trends in Heavy Precipitation 

3 Caption: One measure of a heavy-precipitation event is a 2-day precipitation total 

4 that is exceeded on average only once in a five year period, also known as the 

5 once-in-five-year event. As this extreme precipitation index for 1 90 1 -20 1 1 shows, 

6 the occurrence of such events has become much more common in recent decades. 

7 Changes are coifipared to the period 1901-1960 and do not include Alaska or 

S Hawaii. The 2000s , decade (far right bar) includes 2001-2011. (Figure source: 

9 adapted from (Kunkel et al. 20 1 2) 
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Observed Changes in Very Heavy Precipitation 



n. 


Caption; Percent changes in the annual amount of precipitation falling in very 
heavy events, defined as the heaviest 1% of all daily events from 1901 to 201 1 for 
each region. The far right bar is for 2001-201 1. In recent decades there have been 
increases everywhere, except for the Southwest. Northwest, and Hawaii, with the 
largest, increases in the Northeast. Great Plains, Midwest, and Southeast. Changes 
are compared to the 1901-1960 average for all regions except Alaska and Hawaii, 
which are relative to the 1951-1980 average. (Figure source: NOAA NCDC / 
CICS-NC) 
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Percentage Change in Very Heavy Precipitation 



1 

2 Figure 2.16: Percentage Change in Very Heavy Precipitation 

3 Caption: The map show's percent increases in the amount of precipitation falling 

4 in very heavy events (defined as the heaviest 1% of all daily events) From 1958 to 

5 2011 for each region) There are clear trends toward a greater amount of vcrj 

6 heavy precipitation for the nation as a whole, and particularly in the Northeast and 

7 Midwest. (Figure source: updated from (Karl et al. 2009) with data from NCDC) 
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Rare Heavy Precipitation Events Become More Common 


Figure 2.17: Rare Heavy Precipitation Events^ecome More Common 

Caption: Maps show the increase imrfrequency of extreme daily precipitation 
events (now occurring about once every twenty years) by the later part of this 
century (2081-2100) compared to later part of last century (1981-2000). Such 
extreme events are! projected to occur more frequently everywhere in the U.S. 
Under the rapid emissions reduction scenario (RCP 2.6, left), these events would 
occur up to about twice as often. For the scenario assuming continued increases in 
emissions ;(RCP. 8.5. right), these events would occur up to five times as often. 
(Figure source: NOAA NCDC / CICS-NC. Data from CMIP5; analysis by 
Michael Wehner. LBNL; based on methods from (Kharin et al. submitted) 

Extreme Weather 

Certain types of extreme weather events have become more frequent and intense, 
including lieat waves, floods, and droughts in some regions. The increased intensity 
of heat waves has been most prevalent in the western parts of the country, while the 
intensity of flooding events has been more prevalent over the eastern parts. 
Droughts in the Southwest and heat waves everywhere are projected to become 
more intense in the future. 


Heat waves are periods of abnormally and uncomfortably hot weather lasting days to 
weeks (Kunkel et al. 1999). Heat waves have generally become more frequent across the 
U.S. in recent decades, with western regions (including Alaska) setting records for 
numbers of these events in the 2000s. Tree ring data suggests that the drought over the 
last decade in the western U.S. represents the driest conditions in 800 years (Karl et al. 
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1 2009; Schwalm et al. 2012), Most other regions in the country had their highest number 

2 of short-duration heat waves in the 1930s, when the multi-year severe drought of the Dust 

3 Bowl period, combined with deleterious land-use practices (Cook et al. 2009), 

4 contributed to the intense summer heat through depletion of soil moisture and reduction 

5 of the moderating effects of evaporation (Kunkel et al. 2008). However, recent prolonged 

6 (multi-month) extreme heat has been unprecedented. The 201 1 and 2012 events set 

7 records for highest monthly average temperatures, exceeding in some cases records set in 

8 the 1930s, including the highest monthly temperature on record (July 2012, breaking the 

9 July 1 936 record); for the spring and summer months. 20 1 2 had the largest area of 

10 record-setting monthly average temperatures, including both hot daytime maximum 

1 1 temperatures and warm nighttime minimum temperatures (Karl et al. 2012), 

12 Corresponding with this increase in extreme heat, the number of cold waves has reached 

13 the lowest levels on record. 

1 4 In the past 3 to 4 decades in the U.S. the ratio of record daily high temperatures to record 

1 .3 daily low temperatures has steadily increa.sed (akso see Meehl et al. 2009). This ratio is 

16 now higher than in the 1930s, mostly due to the rapidly declining number of Jow 

1 7 temperature records. During this same period there has been an increasing trend in 

1 8 persistently high nighttime temperatures (Karl et al. 2009), In some areas, prolonged 

19 periods of record high temperatures associated with droughts contribute to dry conditions 

20 that are driving wildfires (Trenberth 20Jij|;); Numerous studies have documented that 

2 i human-induced climate change has increased the frequency and severity of heat waves 

22 across the globe (Christidis et al. 201 1; Stott et al. 20lQ). 

23 There is emerging evidence that most of the increases of heat wave severity over the U.S. 

24 are likely due to human activity (Hansen et al. 20 1 2; Meehl et al. 2007);, with a 

25 detectable human influence in recent heat wdves in the soutliern Great Plains (Karl et al. 

26 2009; Rupp et al. 2012):as well as in Europe (Stott et al. 2010; Trenberth 201 1)' and 

27 Russia (Christidis et al. 2011; Duffy and Tebaldi 2012; Meehl et al. 2009). Research has 

28 found that the human contribution to climate change approximately doubled the 

29 probability of the record heat in Texas in the summer or201 1 (Hoerling et al. 2012a). So 

30 while this Texas heat wave and drought could have occurred naturally, the likelihood of 

3 i record-breaking temperature extremes has increased and will continue to increase as the 

32 global climate warms. Generally, the changes in climate are increasing the likelihood for 

33 these types of severe events. 
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Ratio of Record Daily High to Record Daily Low Temperatures 



1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 

Decade 


1 

2 Figure 2.18: Ratio of Record Daily High to Record Daily Low Temperatures 

3 Caption; The ratio of record daily high temperatures to record daily lows for 

4 191 1-2010 (relative to the entire history of observations) at about 1,800 weather 

5 stations in the 48 contiguous United States has increased from about 1:1 in the 

6 1 950s to about 2: 1 in the most recent decade, and is higher than the ratio of 1 .6: 1 

7 in the 1930s. primarily due to very small numbers of low temperature records. 

8 The ratios were even higher in 201 1 and 2012, which are not shown here. (Figure 

9 source: NOAA NCDC .'VlCS-NC. Data from NOAA NCDC.) 

1 0 Expectations for future heat wave occurrences in the U.S. are shaped by two important 
I I considerations. First, the average as well as extreme summer temperatures occurring 

1 2 during individual, years of the past decade have approached or exceeded those of the 

1 3 decade of the 1 930s over much of the U.S; hence summer temperatures are already 

1 4 moving out of their historical bounds. Second, summer drying is projected for much of 

1 5 the w'estern and central U.S. As discussed below, drying exacerbates heat waves. 

1 6 Accordingly, the number of extremely hot days is projected to continue to increase 

1 7 dramatically over much of the U.S., especially by late century. Climate models project 

1 8 that the same summertime temperatures that ranked among the hottest 5% in 1950-1979 

19 will occur at least 70% of the time by 2035-2064 in the U.S. if global emissions of heat- 

20 trapping gases continue to grow (as in the A2 scenario) (Duffy and Tebaldi 2012). By the 

2 1 end of this century, what have previously been once-in-20-year heat waves (4-day events) 

22 are projected to occur every two or three years over most of the U.S. (Karl et al. 2008). In 
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1 other words, what now seems like an extreme heat wave will become commonplace. 

2 Confidence has risen in computer model projections because recent observations are 

3 consistent with past model projections. 


Projected Changes in Rare Temperature Events 


High Pathway (RCP 8 5)- 


Rare Heat Events 

. 


Low Pathway ^RCP 2. 


Figure 2.19: Projected Change in Rare Temperature Events 

Caption: These maps show that both the hottest and coldest days are projected to 
be warmer. They show the projected changes in surface air temperature at the end 
of this century (2081-2100) relative to the end of the last century (1981-2000) on 
very rare cold and hot days, under a scenario that assumes rapid reductions in 
emissions (RCP 2.6, left) and a scenario that assumes continued increases in 
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emissions (RCP 8.5, right). In this analysis, very rare cold and hot days are 
defined as those having a 5% chance of occurring during any given year. The 
projected temperature increases on such very cold days as well as for very hot 
days are larger than for the average temperature. In particular, the largest 
temperature increases will be on rare cold days meaning that bitter cold winter 
days will be much less frequent across most of the contiguous U.S. (Figure 
source: NOAA NCDC / CICS-NC. Data from CM1P5; analysis by Michael 
Wehner, LBNL; based on method from (Kharin et al. submitted).) 

In the U.S., flooding in the northern half of the eastern Great Plains and much of the 
Midwest has been increasing, especially over the last several decades. Flooding has 
decreased in the Southwest, although there have been small increases in other western 
states. In the areas of increased flooding, increases in both total precipitation and extreme 
precipitation are contributing to the flooding increases. Attribution of flood events is a 
relatively new area of research. There is evidence of a detectable human influence in the 
timing and magnitude of snowmelt and resulting streamllow in some western U.S. states 
(Barnett et al. 2008; Hidalgo et al. 2009; Pierce et al. 2008), in recent flooding events in 
Fmgland and Wales (Pall et al. 2011), and in other specific events around the globe during 
201 1 (Peterson et al. 2012). In general, heavier rains lead to a larger fraction of rainfall 
running off and, depending on the situation, more potential for flooding. While a 2-inch 
rain may not cause major impacts in the Southeast where suoh an event can occur several 
times a year, it can be disastrous if it occurs iri the northern Great Plains. 
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Figure 2.20: Trends in Flood Magnitude 

Caption: Trend magnitude (triangle size) and direction (green = increasing trend, 
brown = decreasing trend) of annual flood magnitude from the 1920s through 
2008. (Source: Hirsch and Ryberg 2012). 

Projected higher temperatures cause increases in evaporation and loss of moisture 
through plant leaves, leading to drier soils. Precipitation has already declined in some 
areas within the Southwest and the Rocky Mountain states, and decreases in precipitation 
are projected to intensify in those areas and spread northward and eastward in summer 
(see Key Message 5). However, even in areas where precipitation does not decrease, 
projected higher air ternperatures will cause increases in surface evaporation and loss of 
water from plants, leading to drier soils. A.s soil dries out. a larger proportion of the 
incoming heat from the sun goes into healing the soil and adjacent air rather than 
evaporating its moisture, resulting in hotter summers under drier climatic conditions 
(Mueller and Seneviratnc 2012). tinder higher emissions scenarios, widespread drought 
is projected to become more common over most of the central and southern U.S. (Cayan 
el al. 2010; Dai 2012; Hoeriing et al. 2012b ; Liang et at. 1996; Liang et at. 1994; Maurer 
et al. 2002; Nijssen et al. 1997; Schw'alm et al. 2012; Wehner et al. 2011; Wood and 
Lettenmaier 2006; Wood et al. 2005) 
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Extreme Drought in the U.S. and Mexico, Past and Future 



1 

2 Figure 2 . 21 : Extreme Drought in the U.S. and Mexico. Past and Future 

3 Caption: The percentage area of the U>S. and Mexico in extreme drought 

4 according to projection^ of the Palmer Drought Severity Index under a mid-range 

5 emissions .scenario (SRES AIB). The Palmer Drought Severity Index is the most 

6 widely used measiire of droughty although it is more sensitive to temperature than 

7 other drought indices and may over-estimate the magnitude of drought increases. 

8 The red line is based on observed temperature and precipitation. The blue line is 

9 from the average of 19 different climate models. The gray lines in the background 

10 are individual results, from over 70 different simulations from these models. These 

1 1 results suggest an increasing probability of drought over this century throughout 

1 2 most of the U.S. Source: (Wehner et al. 20 1 I ) 
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Lower Emissions Scenario (B1) 


Percent 


Pattern of Projected Changes in Soil Moisture 


Figure 2.22: Pattern, of Projected Changes in Soil Moisture 

Caption: Average percent change in soil moisture compared to 1971-2000, as 
projected in the midtiie of this century (2041-2070) and late this century (2071- 
2100) under two,- Emissions scenarios, a lower scenario assuming significant 
reductions in, emissions (BI) and a higher scenario (A2) assuming that emissions 
continue to groVv (Dai 2012; Liang et al. 1996; Liang et al. 1994; \4aurer et al. 
2002; Nijssen et ai. 1997; Wood and Lettenmaier 2006; Wood et al. 2005), The 
future drying of soils in most areas simulated by this sophisticated hydrologic 
model (VIC model) is consistent with the future drought increases using the 
simpler Palmer Drought Severity Index (PDSl) metric. (Figure source; NOAA 
NCDC / CICS-NC. Data from VIC model.) 
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1 Changes in Storms 

2 There has been an increase in the overall strength of hurricanes and in the number 

3 of strong (Category 4 and 5) hurricanes in the North Atlantic since the early 1980s. 

4 The intensity of the strongest hurricanes is projected to continue to increase as the 

5 oceans continue to warm. With regard to other types of storms that affect the U.S., 

6 winter storms have increased slightly in frequency and intensity, and their tracks 

7 have shifted northward over the U.S. Other trends in severe storms, including the 

8 numbers of hurricanes and the intensity and frequency of tornadoe.s, hail, and 

9 damaging thunderstorm winds are uncertain and are being .studied intensively. 

10 Trends in the occurrences of storms, ranging from severe thunderstorms to winter storms 

1 1 to hurricanes, are subject to much greater uncertainties than trends in temperature and 

12 variables that are directly related to temperature (snow and ice cover, ocean heat content, 

13 sea level). Recognizing that the impacts of changes in the frequency and intensity of 

14 these storms can easily exceed the impacts of changes in average temperature or 

15 precipitation, climate scientists are actively researching the connections between climate 

1 6 change and severe storms. 

1 7 Hurricanes Te 

1 8 There has been a substantial increase in virtually every measure of hurricane activity in 

1 9 the Atlantic since the 1 970s, The.se increases are linked, in part, to higher sea surface 

20 temperatures in the region that Atlantic hurricanes form in and move through. Numerous 

21 factors influence these local sea surface temperatures, including human-induced 

22 emissions of heat-trapping gases and particulate pollution and natural variability (Booth 

23 et al. 2012; Camargo et al, 2012; Evan et al, 2012; Evan et al. 2011; Evan et al. 2009; 

24 Mann and Emanuel 2006; Ting et al. 2009;’’Zhang and Delworth 2009). However, 

25 hurricanes respond to rnore than Just sea surface temperature. How hurricanes respond 

26 also depends on how the local atmosphere responds to changes in local sea surface 

27 temperatures, and this atmospheric response depends critically on the cause of the change 

28 (Emmanuel ZOIZ; Zhang and Delworth 2009);. For example, the atmosphere responds 

29 differentlyjwhen local sea surface temperatures increase due to a local decrease of 

30 particulate pollution that allows more sunlight through to warm the ocean, versus when 

3 1 sea surface temperatures.increase more uniformly around the world due to increased 

32 amounts of heat-trapping;gases. So the link between hurricanes and ocean temperatures is 

33 complex and this is an.active area of research. Climate models that incorporate the best 

34 understanding of all these factors project further increases in the frequency and intensity 

35 of the strongest Atlantic hurricanes, as well as increased rainfall rates in response to 

36 continued warming of the tropical oceans by heat-trapping gases. Hurricane activity in 

37 other ocean basins has not shown such clear increases as those found in the Atlantic. 

38 Consequently, there is much greater uncertainty that hurricane activity in those basins has 

39 increased substantially in the past 40 years or so. Reducing these uncertainties is another 

40 active area of research. 
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1 Severe Convective Storms 

2 Tornadoes and other severe thunderstorm phenomena frequently cause as much annual 

3 property damage in the U.S. as do hurricanes, and often cause more deaths. Although 

4 recent research has yielded insights into the connections between global warming and the 
.5 factors that cause tornados and severe thunderstorms (such as atmospheric instability and 

6 increases in wind speed with altitude (Del Genio et al. 2007; Trapp et al. 2007)), these 

7 relationships remain mostly unexplored, largely because of the challenges in observing 

8 thunderstorms and tornadoes and simulating them with computer models. 

9 Winter Storms 

1 0 Over the U.S,, changes in winter storm frequency and intensity are small and not 
I I significant, with the exception that there is limited evidence of an.overall increase in 

12 storm activity near the northeast and northwest U.S. coastlines during the second half of 

1 3 the 1 950-20 1 0 period (Vose, 2012). However, for the Northern Hemisphere as a whole, 

14 there is evidence of an increase in both storm frequency and intensity during the cold 

15 season since 1950 (Vose. 2012), with storm tracks having shifted slightly: towards the 

16 poles (Wang et al. 2006; Wang et al. 2012). Extremely heavy snowstorms increased in 

1 7 number during the last century in northern and eastern parts of the U.S., but have been 

1 8 less frequent since 2000 (Kunkel et al. 2012h; Squires et al. 2009), Total seasonal 

1 9 snowfall has generally decreased in southern and some western areas (Kunkel et al. 

20 2009b), increased in the northern Plains and Great Lakes (Kunkel et al, 2009a, 2009b), 

21 and not changed in other areas, such as the Sierra Nevada (Christy 2012). Very snowy 

22 winters have generally been decreasing in frequency in most regions over the last 10 to 

23 20 years, although the Northeast has been seeing a normal number of such winters 

24 (Kunkel et al. 2009). Heavier-than-normal snowfalls recently observed in the Midwest 

25 and Northeast U.S. in sotae yeitS; with little snow in other years, are consistent with 

26 indications of increased blocking of the wintertime circulation of the Northern 

27 Hemisphere (Francis and Vavrus 2012)j, Overall snow cover has decreased in the 

28 Northern Hemisphere, due in part to higher temperatures that shorten the time snow 

29 spends on the ground (BAMS 20 12). 
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Observed Trends in Hurricane Intensity 


North Atlantic Ocean 
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Figure 2.23: Observed Trends in Hurricane Inlensity 

Caption: Recent variations of the Power Dissipation Index (PDl), a measure of 
overall hurricane intensity in a hurricane season. Historical and satellite 
observations show a significant upward trend in the strength of hurricanes and in 
the number of strong hurricanes (Category 4 and 5) in the North Atlantic from 
1983 to 2009. A significant decreasing trend in hurricane intensity is detected for 
the eastern North Pacific from 1 984 to 2009, but no trend in the number of storms 
is apparent. Updated from (Kossin et al. 2007) 
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Projected Changes in Atlantic Hurricane Frequency by Category 



2 Figure 2.24: Projected Changes in Atlantic Hurricane Frequency by Category 

3 Caption: Model projeqtiqns of perceijtagfe changes in Atlantic hurricane and 

4 tropical storm frequenties fpr different storm categories, by the late this century. 

5 Projected changesjare for the period 2081-2100 compared with the period 2001- 

6 2020. (Figure source: NOAA GFDL) 
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1 Sea Level Rise 

2 Global sea level has risen by about 8 inches since 1880. It is projected to rise another 

3 1 to 4 feet by 2100. 

4 The oceans are absorbing over 90% of the increased atmospheric heat associated with 

5 emissions from human activity (Church et al. 20! 1). Like mercury in a thermometer, 

6 water expands as it warms up (this is referred to as “thermal expansion”) causing sea 

7 levels to rise. Melting of glaciers and ice sheets is also contributing to sea level rise at 

8 increasing rates (Arctic Monitoring and Assessment Programme 2011). 

9 Since the late 1 800s, tide gauges throughout the world have shown that global sea level 

10 has risen by about 8 inches. Proxy data have shown that this rate of sea level rise is faster 

1 1 than at any time in at least the past 2000 years (Kemp et al. 2012). Since 1 992, the rate of 

12 global sea level rise measured by satellites has been roughly twice the rate observed over 

1 3 the last century, providing evidence that the current rate is faster still (Church and White 

14 2011a). 

1 5 Projecting future rates of sea level rise is challenging. I'vcn the most sophistictited 

16 climate models, which explicitly represent liarth's physical processes, cannot simulate 

1 7 recent rapid changes in ice sheet dynamics, and thus tend to underestimate sea level rise. 

18 In recent years, “semi-empirical” models, based on statistical relationships between 

19 historical rates of global warming and sea level rise, haw been developed. Early efforts at 

20 semi-empirical models suggested much higher rates of sea level rise (as much as 6 feet by 

21 2100) (.levrejeva et al. 2010; Vermeer and Rahmstorf 2009). More recent semi-empirical 

22 models have suggested upper ends closer to 3 or 4 feet by 2 1 00 (.levrejeva et al. 20 1 2; 

23 Rahmstorf et al. 2012). It is not clear, however, whether these statistical relationships will 

24 hold in the future. - 

25 Scientists are working to narrow the range of sea level rise projections for this century. 

26 Recent projections show that for even the lowest emissions scenarios, thermal expansion 

27 of ocean watefS:'fyin: 20I2) and the melting of small mountain glaciers (Marzeion et al. 

28 20 1 2) will result in 1 1 inches of sea level rise by 2 1 00, even without any contribution 

29 from, the ice sheets in Greenland and Antarctica. This suggests that about I foot of global 

30 sea level rise by 2100 is probably a realistic low end. On the high end, recent work 

3 1 suggests that 4 feet is plausible, (Gladstone et al. 2012; levrejeva et al. 2012; Jotighin et 

32 al. 2010; Katsman et ah 20 1 1; Rahmstorf ct al. 2012), In the context of risk-based 

33 analysis, some decision makers may wish to use a wider range of scenarios, from 8 

34 inches to 6,6 feet by 2100 (Burkett and Davidson 2012; Parris et al. 2012). In particular. 

35 the high end of these scenarios may be useful for decision makers with a low tolerance 

36 for risk (Burkett and Davidson 2012; Parris et al. 2012) (see figure on global sea level 

37 rise). Although scientists cannot yet assign likelihood to any particular scenario, in 

38 general, higher emissions scenarios that lead to more warming would be expected to lead 

39 to higher amounts of sea level rise. 

40 Nearly 5 million people in the U.S. live within 4 feet of the local high-tide level. In the 

41 next several decades, storm surges and high tides could combine with sea level rise and 

42 land subsidence to further increa.se flooding in many of these regions (Strauss et al. 
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1 2012), Sea level rise is not expected to stop in 2100. The oceans take a very long time to 

2 respond to warmer conditions at the Earth’s surface. Ocean waters will therefore continue 

3 to warm and sea level will continue to rise for many centuries. 
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Figure 2.25 

Caption: Rates of sea level change in the North Atlantic Ocean based on data 
collected from the U.S. East Coast (Kemp et al. 20 1 2) (ted line, pink band shows 
the uncertainty range) compared with a reconstruction of global sea level rise 
based on tide gauge data (Jevrejeva et al. 2008) (blue line). (Figure source: .losh 
Willis. NASA Jet Propulsion Laboratory) 
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Global Sea Level Rise 
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Figure 2 . 26 : Global Sea Level Rise 

Caption: Estimated, observed and possible amounts of global sea level rise from 
1800 to .2100. Proxy estimates (Kemp et al. 2012) (for example, based on 
sediment records) are shown in red (pink band shows uncertainty), tide gauge data 
in blue (Church and White 20Ha). and satellite observations are shown in green 
(Nerem et al. 2010). The future scenarios range from 0.66 feet to 6.6 feet in 2100 
(Parris et al. 2012). Higher or lower amounts of sea level rise are considered 
implausible, as represented by the gray shading. The orange line at right shows 
the currently., projected range of sea level rise of 1 to 4 feet by 2100, which falls 
within the larger risk-based scenario range. The large projected range reflects 
uncertainty about how glaciers and ice sheets will react to the warming ocean, the 
warming atmosphere, and changing winds and currents. As seen in the 
observations, there are year-to-year variations in the trend. (Figure source: .losh 
Willis, NASA Jet Propulsion Laboratory) 
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1 Melting Ice 

2 Rising temperatures are reducing ice on land, lakes, and sea. This loss of ice is 

3 expected to continue. 

4 Rising temperatures across the U.S. have reduced lake ice, sea ice. glaciers, and seasonal 

5 snow cover over the last few decades (Arctic Monitoring and Assessment Programme 

6 2011). In the Great Lakes, for example, total winter ice coverage has decreased by 63% 

7 since the early 1970s (Wang et al. 201 1). 

Great Lakes Ice Coverage Decline 



torch 2003 March 2012 


9 Figure 2.2’7', Great Lakes Ice Coverage Decline 

10 Caption: Blue line shows annual average Great Lakes ice coverage from 1973 to 

1 1 201 1 and red line shows the trend. (Figure source updated from Wang et al. 201 1) 

12 Satellite images show Lake Superior in a high ice year and a more recent low ice 

1 3 year, (Satellite images courtesy of NASA) 

14 Sea ice in the Arctic has also decreased dramatically since the late 1970s, particularly in 

1 5 summer and autumn. Since the satellite record began in 1 978, minimum Arctic sea ice 

1 6 extent (which occurs in early to mid September) has decreased by more than 40% 

1 7 (NSIDC 2012). This decline is unprecedented in the historical record and is consistent 
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1 with human-induced climate change. The 2012 sea ice minimum broke the preceding 

2 record (set in 2007) by more than 200,000 square miles. Ice loss increases Arctic 

3 warming by replacing white, reflective ice with dark water that absorbs more energy from 

4 the sun. More open water can also increase snowfall over northern land areas and 

5 increase the north-south meanders of the jet stream, consistent with the occurrence of 

6 unusually cold and snowy winters at mid-latitudes in several recent years (Francis and 

7 Vavrus 2012; Liu etal. 2012). 

Arctic Sea Ice Decline 



8 

9 Figure 2.28: Arctic Sea Ice Decline 

10 Caption: Summer Arctic sea ice has declined dramatically since satellites began 

1 1 measuring it in 1 979. The extent of sea ice in September 20 1 2, shown in white in 

12 the figure on; the left, was more than 40% below the median for 1979-2000. It is 

13 also notable that , the ice has become much thinner in recent years, so its total 

14 volume has declined even more rapidly than the extent shown here (Arctic 

15 Manitoring and .Assessment Programme 2011). The graph on the right shows 

16 annual variations in September Arctic sea ice extent for 1979-2012. (Figure and 

1 7 data from National Snow and Ice Data Center) 

1 8 The loss of sea ice has been greater in summer than in winter. The Bering Sea, for 

1 9 example, experiences sea ice only in the winter-spring portion of the year, and shows no 

20 trend in ice coverage over the pa.st 30 years. However, seasonal ice in the Bering Sea and 

21 elsewhere in the Arctic is thin and susceptible to rapid melt during the following summer. 

22 Sea ice in the Antarctic is largely seasonal and has shown a slight increase in extent since 

23 1979. 

24 This seasonal pattern of observed ice loss is generally consistent with simulations by 

25 global climate models, in which the extent of sea ice decreases more rapidly in summer 

26 than in winter. However, the models tend to underestimate the amount of decrease since 

27 2007. Projections by these models indicate that summer .sea ice in the Arctic Ocean could 
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1 disappear before mid-century under scenarios that assume continued growth in global 

2 emissions, although sea ice would still form in winter (Stroeve et al. 20 1 2; Wang and 

3 Overland 2009). Even during a long-term decrease, occasional temporary increases in 

4 Arctic summer ice can be expected over timescales of a decade or so because of internal 

5 variability (Kay et al. 201 1), 


Projected Arctic Sea Ice Decline 



8 Caption: Model simulations of Arctic sea ice extent for September, 1900-2100, 

9 based on observed concentrations of heat-trapping gases and particles (through 

10 2005) and four emissions scenarios: RCP 2.6 (green line), RCP 4.5 (blue line). 

1 1 RCP 6.0 (yellow line), and RCP 8.5 (red line); numbers in parentheses denote 

12 number of models represented. Colored lines for RCP scenarios are model 

13 averages (CMIP5). Shading shows ranges among models (pink for RCP 8.5 

14 simulations, blue for RCP 4.5 simulations). The thick black line shows observed 

1 5 data for 1953-2012. These newer model simulations project acceleration in sea ice 

16 loss relative to older simulations. (Figure source: adapted from Stroeve et al. 

17 2012). 

1 8 The surface of the Greenland Ice Sheet has been experiencing summer melting over 

1 9 increasingly large areas during the past several decades. In the decade of the 2000s, the 

20 daily melt area summed over the warm season was double the corresponding amounts of 

21 the 1970s (Fettweis et al. 201 1), culminating in summer melt that was far greater (97% of 

22 the Greenland Ice Sheet area) in 2012 than in any year since the satellite record began in 
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1 1979. More importantly, the rate of mass loss from the Greenland Ice Sheet has 

2 accelerated in recent decades, increasing Greenland’s contribution to sea level rise (Dahl- 

3 .lensen et al. 2011). The proportion of global sea level rise coming from Greenland is 

4 expected to continue to increase (Dahl-Jensen et al. 2011). However, the dynamics of the 

5 Greenland Ice Sheet are generally not included in present global climate models. 

6 Glaciers are retreating and/or thinning in Alaska and in the lower 48 states. In addition, 

7 permafrost temperatures are increasing over Alaska and much of the Arctic, Regions of 

8 discontinuous permafrost in interior Alaska (where annual average soil temperatures are 

9 already close to 32°F) are highly vulnerable to thaw. Thawing permafrost releases carbon 

1 0 dioxide and methane, heat-trapping gases that contribute to even more warming. Methane 

1 1 emissions have been detected from Alaskan lakes underlain by permafrost (Walter et al. 

12 2007), and measurements suggest potentially even greater releases from the Arctic 

13 continental shelf in the East Siberian Sea (Shakhova et al. 2010). 

14 Ocean Acidification 

1 5 The oceans are currently abtiorbing about a quarter of the carbon dioxide emitted to 

1 6 the atmosphere annually and are becoming more acidic as a result, leading to 

17 concerns about potential impacts on marine ecosystems. 

1 8 As human-induced emissions of carbom.dioxide (CO 2 ) build up in the atmosphere, excess 

1 9 CO 2 is dissolving into the oceans where it reacts with seawater to form carbonic acid, 

20 lowering ocean pH levels (“acidification”) and threatening a number of marine 

21 ecosystems (Doney et al. 2009). Currently, the oceans absorbs about a quarter of the CO 2 

22 humans produce every year (Le Quere et al. 2009). Over the last 250 years, the oceans 

23 have absorbed 530 bill ion tons of CO 2 , increasing the acidity of surface waters by 30% 

24 (Caldeira and Wickelt 2003; Hall-Spencer et al. 2008; HOnisch et al, 2012). Although the 

25 average oceanic pH can vary on interglacial timescales (Caldeira and Wickett 2003), the 

26 current observed rate of change is roughly 50 times faster than known historical change 

27 (Byrne et al. 2010). Regional factors such as coastal upwelling (Feely et al. 2008), 

28 changes in riverine aiid glacial discharge rates (Mathis et al. 20 1 1 ), sea ice loss 

29 (Yamamoto-Kawai et al.' 2009), and urbanization (Feely et al. 2010) have created “ocean 

30 acidification hotspots” where changes are occurring at even faster rates. 

3 1 The acidification of the, oceans has already caused a suppression of carbonate mineral 

32 concentrations that are critical for marine calcifying animals such as corals, zooplankton, 

33 and shellfish. Many of these animals form the foundation of the marine food web. Today, 

34 more than a billion people worldwide rely on food from the ocean as their primary source 

35 of protein. Ocean acidification puts this important resource at risk. 

36 Observations have shown that the northeastern Pacific Ocean, including the arctic and 

37 sub-arctic seas, is particularly susceptible to significant shifts in pH and calcium 

38 carbonate concentrations. Recent analyses show that large areas of the oceans along the 

39 U.S, west coast (Gruber et al. 20 1 2), the Bering Sea, and the western Arctic Ocean (Orr 

40 et al. 2005) will become difficult for calcifying animals within the next 50 years. In 

41 particular, animals that form calcium carbonate shells, including corals, crabs, clams. 
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1 oysters, and tiny free-swimming snails called pteropods, could be particularly vulnerable, 

2 especially during the larval stage (Doney et al. 2012; Fabry et al. 2009). 

3 Projections indicate that in a high emissions scenario such as SRES A2 or RCP 8.5, 

4 current pH could be reduced from the current level of 8.07 to as low as 7.67 by the end of 

5 the century, roughly five times the amount of acidification that has already occurred 

6 (NOAA 2012). Such large changes in ocean pH have probably not been experienced on 

7 !he planet for the past 21 million years, and scientists are unsure whether and how 

8 quickly ocean life could adapt to such rapid acidification. 


As Oceans Absorb CO2, They Become More Acidic 



1 0 Figure 2.30: As Oceans Absorb CO 2 . They Become More Acidic 

11 Caption: The correlation between rising levels of carbon dioxide in the 

12 atmosphere at Maiina Loa with rising carbon dioxide levels and falling pH in the 

13 nearby ocean at Station Aloha. .As carbon dioxide accumulates in the ocean, the 

14 water becomes morencidic. Figure source: modified from (Feel.y et al. 2008). 
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Shells Dissolve in Acidified Ocean Water 
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Figure 2.31: Shells Dissolve in Acidified Ocean Water « 

Caption: The Pteropod, or “sea butterfly", is a tiny sea creature about the size of 
a small pea. Pteropods are eaten by marine species' ranging in size ftom krill to 
whales and are a major source of food for North Pacific young salmon. The 
photos above show what happens to a pteropod’s shell, when placed in seawater 
with pH and carbonate levels projected for the year 2100, The shell slowly 
dissolves after 45 days. (Photo credit: National Geographic Images) 
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1 Traceable Accounts 

2 Chapter 2: Our Changing Climate 

3 Key Message Process: Development of the key messages involved: 1) discussions of the lead authors and 

4 accompanying analyses conducted via one in-pereon meeting plus a number of teleconferences over the last 

5 8 months (from February thru September 20 12) including reviews of the scientific literature; and 2) the 

6 findings from four special workshops that related to the latest science understanding of climate extremes. 

7 Each workshop had a different theme related to climate extremes, had approximately 30 attendees (the 

8 CM1P5 meeting had more than 100), and resulted in a paper submitted to BAMS (2012). The first was held 

9 in Jiilv 2011. titled Monitoring Changes in Extreme Storm Statistics: State of Knowledge 

10 ( M 1 _ T ii/ a/noaa.gov/severe-stornis-workshop/ ). The second was held in November 2011, 

1 1 titled November 2011- Forum on Trends and Causes of Observed Changes in Heatwaves, Coldwaves, 

1 2 Floods, and Drought ( https: /sitcs.google.ooni/a/noaa.gov/heatvvaves- co!d \\a\cs droug lusT. The 

1 3 third was held in January 2012, titled Forum on Trends in Extreme Winds, Waves, and Extratropical 

14 Storms along the Coasts ( h t i |^ls : . ^.•^ sitcs. google. com’^a/nQaa.gov/e xticme--wtnd.s-w4veS“e\tuitu'pi caj-storm s. ). 

1 5 The fourth, the CM!P5 results workshop, was held in March 2012.m Hawaii. ^ 

1 6 In developing key messages, the Chapter Author Team engaged in multiple technical discussions over the 

1 7 last 8 months via teleconferences and emails as they reviewed over 80 technical inputs provided by the 

1 8 public, as well as other published literature, and professional judgment Tliese discussions were supported 

1 9 by targeted consultation with additional experts, and they were based on criteria that help define “key 

20 vulnerabilities." A consensus-based approach was used for final key message selection. 


Key message #1/1 1 

Global climate is changing now and this change is apparent across a wide range 
of observations. The climate change of the past 50 \ears is primarily due to 
human activities. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science literature. Technical Input reports (82) on a wide range of topics 
were also reviewed; they were received i\s part of the Federal Register Notice 
solicitation for public input. Generally, those reports did not add much to the author 
team’s process in tJte way of observation and model data analyses and their use of 
the peeitTfeviewed literature;-' 


Evidence for changes in global climate arises from multiple analyses of data from in- 
situ, .satellite, and other records undertaken by many groups over several decades 
(Kennedy et al. 2010). Changes in the mean stale have been accompanied by 
changes in the freiquency and nature of extreme events (.Alexander et al. 2006) . A 
substantial body of analysis comparing the observed changes to a broad range of 
climate simulations consistently points to the necessity of invoking human-caused 
changes to adequately explain the observed climate system behavior(Gi!iett et al. 

2012; Stott et al. 2010). The influence of human impacts on the climate system was 
also observed in a number of individual climate variables (AchutaRao et al. 2006; 
Gillett and Stott 2009; Min et al. 2011: Pali et al. 2011; Santer et a!. 2007; Santer 

2012; Wiiielt etal.2007). 

New information 
and remaining 

uncertainties 

Key remaining uncertainties relate to the precise magnitude and nature of changes at 
global, and particularly regional, scales, and especially for extreme events and our 
ability to simulate and attribute such changes using climate models. Innovative new 
approaches to climate data analysis, continued improvements in climate modeling, 
and instigation and maintenance of reference quality observation networks such as 
the US Climate Reference Network can all reduce uncertainties. 

Assessment of 
confidence based 

There is very high confidence that global climate is changing and this change is 
apparent across a wide range of observ'ations given the evidence base and remaining 
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on evidence 

uncertainties. All observational evidence is consistent with a warming climate since 
the late iSOO's. 


There is very high confidence that the climate change of the past 50 years is 
primarily due to human activities given the evidence base and remaining 
uncertainties. Recent changes have been consistently attributed in large part to 
human factors across a very broad range of climate system characteristics. 


CONFIDENCE LEVEL 

Very High 

HiRh 

Medium 

Low 

Strong evidence (estabilshcd 
theory, multiple .sources, 
consistent results, well 
documented and accepted 
methods, etc ), high consensus 

Motierale evidence (several 
sources, some consistwey, 
meiliods vary and/w 
documentation limited, etc.), 
ntedium ermsensus 

Suggestive evidence (a few 
sources, limited consistenev. 
models incomplete, methods 
emerging, etc ), competing : . 
schools of thought 



Inconclusive evidence {limited 
sources, extrapolations, 
s* iiKonsisfent findings, poor 
documentation and./or methods 
not tc.sted. etc), disagreement 
or lack of opinions among 
experts 
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Chapter 2: Climate Science 

Key Message Process: See KM^l. 


Key message #2/11 

Global climate is projected to continue to change over this centuiw and beyond. 
The magnitude of climate change beyond the next few decades depends 
primarily on the amount of heat-trapping gases emitted globally, and how 
sensitive the climate is to those emissions. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science peer-reviewed literature. Technical Input reports (82) on a wide 
range of topics were also reviewed; they were received as part of the Federal 

Register Notice solicitation for public input. 

Evidence of continued global warming is based on pastobservations of climate 
change and our knowledge of the climate system's response to heat-trapping gases. 
Models have projected increased temperature under a number of different scenarios 
fIPCC 2007; Schnelinhuberet a!. 2006; Taylor etal. 2012). 

Evidence that the planet has warmed is “unequivocal" (IPCC 2007) , and is 
corroborated though multiple lines of evidence, as is the conclusion that the causes 
are very likely human in origin. The evidence for future warming is based on 
fundamental understanding of the behavior of heat-trapping gases in the atmosphere. 
Model simulations provide bounds on the estimates of this warming. 

New information 
and remaining 
uncertainties 

There are several major sources of uncertainty in making projections of climate 
change. The relative importance of these changes over time. 

In next few decades, the effects of natural variability will be an important source of 
uncertainty for climate change projections. 

Uncertainty in future human emissions becomes the largest source of uncertainty by 
the end of this century. 

Uncertainty in how sensitive the climate is to increased concentrations of heat- 
trapping gases is especially important beyond the next few decades. 

Uncertainty in natural climate drivers, e.g. how much will the solar output change 
over this century, also affects the accuracy of projections. 

Assessment of 
confidence based 
on evidence 

Given the evidence base and remaining uncertainties, confidence is veiy' high that 
global climate is projected to continue to change over this century and beyond. 


! CONFIDENCE LEVEL i 

Verv Ibffh 

HiEh 

Medium 

Low 

Strong evidence (eslablishcd • • 
llieoiy. niultiple sources, • 
consistent results, well 
documented and accepted 
metiMxIs, etc }. high consensus 

Motierale evidence (several 
sources, some consistency, 
methods vary and/or 
documentation iimited, etc.), 
medium ctmsensus 

Suggestive evidence (a tew 
sources, iimite^i consistency, 
models incomplete, methods 
emerging, etc.), competing 
schools of thought 

inconclusive evidence (limited 
.sources, extrapolations, 
inconsistent Findings, poor 
documenlcition and/or methods 
not tested, etc ), disagreement 
or lack of opinions among 
exj^erts 
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Chapter 2: Climate Science 


Key Message Process: See KM#i. 


Key message #3/1 1 

U.S. average temperature has increased by about 1.5 degrees F since record 
keeping began in 1895; more than 80% of this increase has occurred since 1980. 
The most recent decade was the nation’s warmest on record. U.S. temperatures 
are expected to continue to rise. Because human-induced warming is 
superimposed on a naturally varying climate, the temperature rise has not 
been, and will not be, smooth across the country or over time. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science peer-reviewed literature. Technical Inputreports (82) on a wide 
range of topics were also reviewed; they were received as part of the Federal 

Register Notice solicitation for public input. \ 

Evidence for the long-term increase in temperature is based, on analysis of daily 
maximum and minimum temperature observations from the U.S. Cooperative 
Observer Network. With the increasing understanding of U.S. temperature 
measurements, (Fall et al. 2010; Fall etab 201 !; Karl et al. 1986; Menne and 

Williams Jr 2009; Menne et al. 2009;Menne et al. 2010; Vose et al. 2012; Williams 
et al. 2012) a temperature increase has been observed and is projected to continue 
rising (Menne et al. 2009). Observatiortsjshow that the last decade was the warmest 
in over a century. A number of climate model simulations were performed to assess 
past, and to forecast future changes in climate) temperatures are generally projected 
to increase across the U.S. ^ j-n 

Ail peer-reviewed studies to date satisfying the assessment process agree that the 

U.S. has warmed over the past century and in the past several decades. Climate 
model simulations consistently project future warming and bracket the range of 
plausible increases. 

New information 
and remaining 
uncertainties 

There have been substantial advances in our understanding of the U.S. temperature 
record since the previous National Climate Assessment (Fall et al. 2010; Fall et al. 

201 et al. 2009; Menne and Williams Jr 2009; Menne et al. 2009: Menne et 

al. 2010; Voseet al. 2012; Williams et al. 2012). 

A potential uncertainty is the sensitivity of temperature trends to bias adjustments 
that account for historical changes in station location, temperature instrumentation, 
observing practice, and siting conditions. However, quality analyses of these 
uncertainties have not found any major issues of concern affecting the conclusions 
made in the key message 

While numerous studies verify the efficacy of the bias adjustments, the information 
base can be improved in the future through continued refinements to the adjustment 
approach. Model biases are subject to changes in physical effects on climate; for 
example, model biases can be affected by snow cover and hence are subject to 
change m a warming climate. 

Assessment of 
confidence based 
on evidence 

Given the evidence base and remaining uncertainties, confidence is very high that 
because human-induced warming is superimposed on a naturally varying climate, 
the temperature rise has not been, and will not be, smooth across the country or over 
lime. 
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CONFIDENCE LEVEL 

Very High 

High 

Medium 

Low 

Strong evidence {estiibiished 
theory, multiple sources, 
consistent results, well 
documented and accepted 
methcxl.s, etc,), high consensus 

Moderate evidence (several 
sources, some consistency, 
methods vary and/or 
documentation limited, etc ), 
medium consensus 

Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 
schools of thought 

Inconclusive evidence (limited 
sources, extrapolations, 
inconsistent findings, poor 
documentation and/or methods 
not tested, etc ), disagreement 

Of lack of opinions among 
experts 
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Chapter 2: Climate Science 


Key Message Process: See KM#l. 


Key message #4/11 

The length of the frost-free season (and the corresponding growing season) is 
increasing nationally, with the largest increases occurring in the western U.S., 
affecting ecosystems and agriculture. Continued lengthening of the growing 
seasons across the U.S. is projected. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science peer-reviewed literature. Technical Input reports (82) on a wide 
range of topics were also reviewed; they were received as part ot the Federal 

Register Notice solicitation for public input. 

Evidence that the length of the frost-free season is lengthening is based on extensive 
analysis of daily minimum temperature observations from the U.S. Cooperative 
Observer Network. The geographic variations of increasing number of frost-free 
days are similar to changes in mean temperature; Separate analysis of surface data 
also indicates a trend towards an earlier onset of spring. Key references; U.S. 
Environmental Protection Agency (2010), Dragoni et al. (20! 1 ). Jeotig et a!.{20! 1), 
Ziskaeta!.{20n). 

Nearly all studies to date published in the peer-reviewed literature (e.g., Dragoni et 
al. (2011), U.S. Environmental Protection Agency (2010), Jeong et al.(20i 1 )) agree 
that the freeze-free and growing seasons have lengthened. This is most apparent in 
the western U.S. Peer-reviewed studies also indicate that continued lengthening will 
occur if concentrations of heat-trapping gases contiriue to rise. The magnitude of 
future changes based on inode! simulations is large in the context of historical 
variations. v 

New information 
and remaining 
uncertainties 

A key issue (uncertainty) is the potential effect of station inhomogeneities on 
observed trendC particularly those arising from instrumentation changes. A second 
key issue is the extent to which observed regional variations (more lengthening in 
the^est/less in the east) will persist into the future. 

Local temperature biases in climate models contribute to the unceitainty in 
projections.. 

Viable avenUiK to improving the information base are to investigate the sensitivity of 
observed trends to potential biases introduced by station inhomogeneities and to 
investigate the causes of observed regional variations. 

Assessment of 
conflilence based 
on evidence • 

Given the evidence base and remaining uncertainties, confidence is very high that 
the length of the frost-free season (also referred to as the growing season) is 
increasing nationally, with the largest increases occurring in the western U.S, 
affecting ecosystems, gardening, and agriculture. Confidence is veiy high that there 
will be continued lengthening of these seasons across the U.S. given the evidence 
base. 
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CONFIDENCE LEVEL 

Very High 

High 

Medium 

Low 

Siroug evidence (c-sUiblished 
theor>', iniilliple sources, 
consislenl results, w'eli 
documented and accepted 
melhfxls, etc ), high consensus 

Moderate evidence (several 
sources, some consistency, 
methods vary' and/or 
dcfcumentation limited, etc.), 
medium cwisensus 

Suggestive evidence (a tew 
sources, limited consi-stency. 
models incomplete, methods 
emerging, etc), competing 
schools of thought 

Inconclusive evidence (limited 
sources, extrapolations, 
inconsistent findings, poor 
documentation and/or methods 
not tested, etc ), disagreement 
or lack of opinions among 
experts 
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Key Message Process: See KMi^M. 


Key message #5/1 1 

Precipitation over tlie U.S. has increased on average during the period since 

1900, with the largest increases the Midwest, southern Great Plains, and 
Northeast. Portions of the Southeast, the Southwest, and the Rocky Mountain 
states have experienced decreases. More winter and spring precipitation is 
projected for the northern U.S., and less for the Southwest, over this century. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science peer-reviewed literature. Technical Input reports (82) on a wide 
range of topics were also reviewed; they were received as. part of the Federal 

Register Notice solicitation for public input. 

Evidence of long-term change in precipitation is based, on analysis of daily 
observations from the U.S. Cooperative Observer Network.- Published work shows 
the regional differences in precipitation (McRoberts and Nielsen-Gammon 2011: 
Peterson et al. 2012) . Evidence of future change is based on our knowledge of the 
climate system’s response to heat-trapping gases and an understanding of the 
regional mechanisms behind the projected changes (e.g., IPCC 2007). 

New information 
and remaining 
uncertainties 

A key issue (uncertainty) is the sensitivity of observed precipitation trends to 
historical changes in station location, rain gauges, and observing practice. A second 
key issue is the extent to which observed regional variations will persist into the 
future. 

An uncertainty in projected precipitation concerns the extent of the drying of the 
Southwest. sfi 

Shifts in precipitation patterns due to changes m pollution are uncertain and is an 
active research topic. 

Viable avenues to improving the information base are to investigate the sensitivity of 
observed trends to potential biases introduced by station changes and to investigate 
the causes of observed regional variations. 

A number of peer-reviewed studies (e.g., (McRoberts and Nielsen-Gammon 2011; 
Peterson et al.;20l2) ) document precipitation increases at the national scale as well 
as regional-scale increases and decreases. Ttie variation in magnitude and pattern of 
future changes from climate model simulations is large relative to observed (and 
modeled) historical variations. 

Assessment ol 
confidence based 
on evidence 

Given the evidence base and remaining uncertainties, confidence is high that 
precipitation over the U.S. has increased on average during the period since 1900, 
with.the largest increases the Midwest, southern Great Plains, and Northeast. 

Confidence is high given the evidence base and uncertainties that portions of the 
Southeast, the Southwest, and the Rocky Mountain states have experienced 
precipitation decreases. There is less certainty for Southwest mountain states 
because they sit in the transition region. 

Confidence is high given the evidence base and uncertainties that more winter and 
spring precipitation is projected for the northern U.S., and less for the Southwest, 
over this century. 
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CONFIDENCE LEVEL 

Very High 

High 

Medium 

Low 

Strong evidence {established 
thcor>', multiple sources, 
consistent results, well 
documented and accepted 
methods, etc.), high consensus 

Mrxleraie evidence (several 
sources, swne consistency, 
methods vaiy and/w 
dirciimentation limited, etc.), 
medium consensus 

Suggestive evidence (a lew 
-sources, limited consistency, 
models itrcomplete. methods 
emerging, etc.), competing 
schools of thouglit 

inconclusive evidence (limited 
.sources, extrapolations, 
inconsistent findings, poor 
documentation and/or methods 
not tested, etc ), disagreement 
or lack of opinions among 
experts 
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1 Chapter 2: Climate Science 

2 Key Message Process: See KM#I. 


Key message #6/11 

Heavy downpours are increasing nationally, especially over the last three to five 
decades. Largest Increases are in the Midwest and Northeast. Further increases 
in the frequency and intensity of extreme precipitation events are projected for 
most U.S. areas. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented 
in the climate science peer-reviewed literature. Technical Input reports (82) on a 
wide range of topics were also reviewed; they were received as part of the Federal 
Register Notice solicitation for public input. 

Evidence that extreme precipitation is increasing is based primarily on analysis of 
hourly and daily precipitation observations from the.U.S. Cooperative Observer 
Network and is supported by observed increases in atmospheric water vapor (Dai 
2012). Recent publications have projected an increase in extreme precipitation 
events (Kunkel et al. 20l2h; Wang and Overland 2009), with some areas getting 
larger increases (Karl et al. 2009) and some getting decreases (Wehner 20 1 2: 
Wuebbles et al. 2012). 

Nearly all studies to date published in Ihe.peer-reviewed literature agree that extreme 
precipitation event number and intensity have risen, when averaged over the United 
States, The pattern of change for the wettest day of the year is projected to roughly 
follow that of the average precipitation with bothlricreases and decreases acro.ss the 
U.S. Extreme hydrologic events are likely to increase over most of the U.S. 

New information 
and remaining 

uncertainties 

A key issue (uncertainty) is the ability of climate models to simulate precipitation. 

This is one of the more challenging aspects of modeling of the climate system 
because precipitation involves not only large-scale processes that are well-resolved 
by models but small-scale process, such as convection, that must be parameterized in 
the current generation of globM and regional climate models. 

Viable avenues to improving the information ba.se are to perform some long very 
high resohUipn simulation of this century’s climate under different emissions 
scenarios 

Assessment of 
confidence based 

on evidence 

Given the evidence base and uncertainties, confidence is high that heavy downpours 
are increasing nationally, with especially large increases in the Midwest and 

Northeast. 

Confidence is high that further increases in the frequency and intensity of extreme 
precipitation events are projected for most U.S. areas given the evidence base and 
uncertainties. 


3 


CONFIDENCE LEVEL 

Very High 

High 

Medium 

Low 

Strong evidence {estahli.shed 
theory', multipic sources, 
consi-stent results, well 
documented and accepted 
methods, etc.), high consensus 

Mkxlerale evidciKe (several 
sources, some consistency, 
melhod.s var>' and,/or 
documentation limited, etc.), 
medium cwisensus 

Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc,), competing 
schwls of thought 

Inconclusive evidence {limited 
sources, e.vtiapolations. 
inconsistent findings, pcxir 
documentation and/or methods 
not tested, etc ), disagreement 
or lack of opinions among 
experts 
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Chapter 2: Climate Science 

Key Message Process: See K[V!#J. 


Key message #7/1 1 

Certain types of extreme weather events have become more frequent and 
intense, including heat waves, floods, and droughts in some regions. The 
increased intensity of heat waves has been most prevalent in the w estern parts 
of the country, while the intensity of flooding events has been more prevalent 
over the eastern parts. Droughts in the Southwest and heat waves everywhere 
are projected to become more intense in the future. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science peer-reviewed literature. Technical Input reports (82) on a wide 
range of topics were also reviewed; they were received as part of the Federal 

Register Notice solicitation for public input. 

Analysis of U.S. temperature records indicates that record cold events are becoming 
progressively less frequent relative to record high events. Evidence for these trends 
in the United States is provided by Meehl et al.(2009). Cited papers, by Stott et al. 
(2010) and Chrisiidis et al.(201 1 ) contain evidence for the corresponding trends in a 
global framework. A number of publications have explored the increasing trend of 
heat waves (Karl et al. 2008; Stott eta!. 2010: Trenberth 2011). Additionally, heat 
waves observed in the southern Great Plains (Karl el al. 2009), Europe (Stott et a!. 
2010; Trenberth 201 1) and Russia (Christidis et al, 2011; Duffy and Tebaldi 2012; 
Meehl et al. 2009) have now been shown to have a higher probability of having 
occurred because of human-induced climate change. Some parts of the U.S. have 
been seeing changing trends for floods and droughts over the last 50 years, with 
some evidence for human influence (Barnett et al. 2008; Hidalgo et al. 2009; Pall et 
al. 2011; Peterson et al. 2012: Pierce et al. 2008). Further evidence for these trends is 
provided by Trenberth (201 1). Projections of increased dmught are supported by the 
results of Wehner et ai.(201 1), with a number of publications projecting drought as 
becoming a more normal condition over much of the southern and central U.S. (most 
recent references: t)ai 2012; Hperling et al. 2012b ). 

Analy^ieis of U.S/ daily temperature records indicate that low records are being 
broken at a much smaller rate than high records, and at the smallest rate in the 
historical record. However, in certain localized regions, natural variations can be as 
large or larger titan the human induced change. 

New information 
and remaining 
uncertainties 

The key uncertain^' regarding projections of future drought is how soil moisture 
responds to precipitation changes and potential evaporation increases. Most studies 
indicate tliat many parts of the U.S. will experience drier soil conditions but the 
amount of that drying is uncertain. 

Natural variability is also an uncertainty affecting extreme event occurrences in 
shorter timescales (several years to decades), but the changes become larger relative 
to natural variability as the timescale lengthens. Stakeholders should view the 
occurrence of extreme events in the context of increasing probabilities. 

Continuation of long term temperature and precipitation obser\'ations is critical to 
monitoring trends in extreme weather events. 

Assessment of 
confidence based 
on evidence 

Give the evidence base and uncertainties: 

Heat w'aves have become more frequent and intense, and confidence i.s high that 
these trends are projected to continue. 

Droughts have become more frequent and intense in some regions, and confidence is 
high that these trends are projected to continue. 
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Floods have become more frequent and intense in some regions, and confidence is 
medium to high that these trends are projected to continue. 


1 CONFIDENCE LEVEL 1 

Very High 

High 

Medium 

Low 

Strong evidence (established 
theory, nuiltiple sources, 
consi.stent results, well 
dticumented and accepted 
methods, etc ). high consensus 

Moderate evidence (several 
sources, some consistency. 

methods vary and/CM" 
documentation limited, etc.), 
medium consensus 

Suggestive evidence (a lew 
sources, limited consistency, 
models incomplete, methods 
emerging, etc.), competing 
schools of thought 

Inconclusive evidence (limited 
sources, extrapolations, 
inconsistent findings, poor 
documentation and/or methods 
not tested, etc.), disagreement 
or lack of opinions among 
experts 
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Chapter 2: Climate Science 

Key Message Process: See KM#!. 


Key message #8/1 1 

There has been an increase in the overall strength of hurricanes and in the 
number of strong (Category 4 and 5) hurricanes in the North Atlantic since the 
early !980s. The intensity of the strongest hurricanes is projected to continue to 
increase as the oceans continue to warm. With regard to other types of storms 
that affect the D.S., winter storms have increased slightly in frequency and 
intensity, and their tracks have shifted northward over the U.S. Other trends in 
severe storms, including the numbers of hurricanes and the intensity and 
frequency of tornadoes, hail, and damaging thunderstorm w inds are uncertain 
and are being studied intensively. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science peer-reviewed literature. Technical input reports (82) on a wide 
range of topics were also reviewed; they were received as part of the Federal 

Register Notice solicitation for public input. xk- 

Recent studies suggest that the most intense Atlantic hurricanes have become 
stronger since the early 1980s. as docurhented by (Kossin et al. 2007) . While this is 
still the subject of active research, this trend is projected to continue (liender et a!. 
2010). Current work by Vose et al. (2012) has provided evidence in the increase in 
frequency and intensity of winter storms, with the storm tracks shi fling polew ard 
(Wang et ai. 2006; Wang et al. 2012). but some areas have experienced a decrease in 
winter storm frequency (Karl et al. 2009). Some recent research has provided insight 
into the connection of global warming to tornados arid severe thunderstorms (Del 
Genio et al. 2007; Trapp et al. 2007). 

New information 
and remaining 
uncertainties 

Detecting trends in Atlantic and eastern North Pacific hurricane activity is 
challenged by a lack of consistent historical data and limited understanding of ail of 
the CQiftplex Interactions between the atmosphere and ocean that influence 
hurricanes. 

Significant uncertainties remain in making projections of hurricane number and 
inten.sity. While the best analyses to date suggest an increase In intensity and in the 
number ofraost intense storms over the century, there remain significant 
uncertainties. The figure in the chapter for KM#8 that shows projected changes in 
occurrences ofhurricanes of different intensities includes data points from different 
models, illustrating the spread. 

Other types of storms have even greater uncertainties in their recent trends and 
projections. The text for this key message explicitly acknowledges the state of 
knowledge, pointing out “what we don't know". 

Assessment of 
confidence based 

on evidence 

Given the evidence and uncertainties, confidence is medium that the strongest 
hurricanes are projected to increase in intensity as the oceans w'arm due to more 
available energy. Confidence is low regarding other trends in severe storms due to 
the many uncertainties that remain about frequency and intensity of other types of 
storms. 
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CONFIDENCE LEVEL 

Very High 

High 

Medium 

Low 

Strong evidence (established 
theory', multiple sources, 
consistent results, well 
documented and accepted 
methods, etc.), high consensus 

Mixterate evidence (several 
sources, some consistency, 
methods vary and/cff 
documentatKMi limited, etc.), 
medium consensus 

Su^estive evidence (a tew 
sources, limited corisislcncy, 
models incomplete, methods 
emerging, etc.), competing 
schools of thought 

Inconclusive evidence (limited 
sources, extrapolations, 
inconsistent findings, poor 
documentation and/or methods 
not tested, etc.), disagreement 
or lack of opinions among 
experts 
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1 Chapter 2: Climate Science 


Key Message Process; See KM#1. 


Key message #9/i 1 

Global sea level has risen by about 8 inches since reliable record keeping began 
in 1880. It Is projected to rise another 1 to 4 feet by 2100. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science peer-reviewed literature. Technical Input reports (82) on a wide 
range of topics were also reviewed; they were received as part of the Federal 

Register Notice solicitation for public input. 

Nearly all studies to date published in the peer-reviewed literature agree that global 
sea level has risen during the past century, and that it will continue to rise over the 
ne.xt centuiy. 

Tide gauges throughout the world have documented rising sea levels during the last 
130 years. This rise has been further confirmed over the past 20 years by satellite 
observations, which are highly accurate and.have nearly global coverage. Recent 
studies have shown current sea level rise rates are increasing (Kemp et al. 20 1 2; 

Parris et al. 2012) and project that future sea level rise over the rest of.this century 
will be faster than those of the last 100 years (Parris et al. 2012: Willis et al. 2010). 

New information 
and remaining 

uncertainties 

The key issue in predicting future rates of globalsea level rise is to understand and 
predict how ice sheets in Greenland and Antarctica will react to a warming climate. 
Current projections of global sea level rise do hpt account for the complicated 
behavior of these giant ice slabs as they interact With, the atmosphere, the ocean and 
the land. Lack of knowledge about the ice sheets and their behavior is the primary 
reason that projections of global sea level rise includes such a wide range of 
plausible future conditions.’ ' 

Early efforts at semi-empirical models suggested much higher rates of sea level rise 
(as much as 6 feet by 2100) (Jevrejeva et al. 2010; Vermeer and Rahmstorf 2009). 
More recent semi-empirical models have suggested upper bounds closer to 3 or 4 
feef, (Jevrejeva et al. 2012: Rahmstorf et al. 2012). It is not clear, however, whether 
these Statistical relationships will hold in the future. 

More recent work suggests that a high-end of 3 to 4 feet is more plausible. 

(Gladstone et al. 2012; Jevrejeva el al. 2012; Joughin et al. 2010; Katsman et al. 

20 U; Rahmstorf et al. 2012). Some decision makers may wish to consider a broader 
range of scenarios such as 8 inches or 6.6 feet by 21 00 in the context of risk-based 
analysis (Burkett and Davidson 2012: Parris et al. 2012) . 

Assessment of 
confidence based 

on evidence 

Given the evidence and uncertainties, confidence is very high that global sea level 
has risen during the past century, and that it will continue to rise over this century. 

Given the evidence and uncertainties about ice sheet dynamics, confidence is high 
that the rate of global sea level rise has been faster since the early !990s, but there is 
medium confidence in global sea level rise will be in the range of 1 to 4 feet by 

2100. 
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CONHOENCE LEVEL 

Very High 

HiKh 

Medium 

Low 

Strong evidence (estabiished 
thcoo’. multiple sources, 
consistent results, well 
documented and accepted 
mcth(Ki.s. etc ), high consensus 

Mtxleraie evidence (several 
sources, some consistency, 
methods vary and/or 
documentation limited. «c.), 
mediiitn ccsisensus 

Suggestive evidence (a few 
sources, limited consistency, 
models incomplete, methods 
emerging, etc ). competing 
schools of thoLiglit 

Inconclusive evidence {iimited 
sources, extrapolations, 
inconsistent tlndings, poor 
documentation and/or methods 
not tested, etc ), disagreement 
or lack of opinions among 
experts 
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1 Chapter 2; Climate Science 

2 Key Message Process: See KM#!. 


Key message 

#id/n 

Rising temperatures are reducing ice on land, lakes, and sea. This loss of ice is 
expected to continue. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science peer-reviewed literature. Technical Input reports (82) on a wide 
range of topics were also reviewed; they were received as part of the Federal 

Register Notice solicitation for public input. 

There have been a number of publications reporting decreases in ice on land 
(Fettvveis el al. 2011) and glacier recession . Evidence that winter lake ice and 
summer sea ice are rapidly declining is based on satellite data and is incontrovertible 
(for lake ice Arctic Monitoring and Assessment Programme 201 1 ; Wang et a!. 

2012). 

Nearly all studies to date published in the peer-reviewed literature agree that summer 
Arctic sea ice extent is rapidly declining and that if heat-trapping gas concentrations 
continue to rise, an essentially ice-free Arctic ocean will be realized.^ornetime 
during this century (e.g., Stroeve el al. 2012: KM 10). September 2012 has the 
lowest levels of Arctic ice in recorded hjstor>'. Great Lakes ice should follow a 
similar trajectoiy . Glaciei-s will generally retreat, except for a small percentage of 
glaciers that experience dynamical surging (Arctic VIonitoring and Assessment 
Programme 2011). The rate of permafrost degradation is complicated by changes in 
snow cover and vegetation'?‘>^fii 2 ?::: 

New information 
and remaining 
uncertainties 

A key issue (uncertainty) is the rate of sea-ice loss through this century, which stems 
from a combination of large differences in projections between different climate 
models, natural climate variability and future rates of fossil fuel emissions. This 
uncertainty is illustrated in the figure showing the CMiP5-based projections (from 
Stroeve 6t al. 2012). 

Viable avenues to improving the information base are detennining the primary 
causes of the range of different climate model projections and determining which 
climate rtiodels exhibit the best ability to reproduce the observed rate of sea ice loss. 

Assessment of 
confidence based 
on evidence 

Given the evidence base and uncertainties, confidence is very high that rising 
temperatures are melting sea ice, lake ice, and glaciers and that this melting is 
expected to continue. 

Given the evidence base and uncertainties, confidence is high that rising 
temperatures are thawing permafrost and that this thawing is expected to continue. 


3 


CONFIDENCE LEVCL 

Very High 

High 

Medium 

Low 

Strong evidence (established 
iheow. multiple scnirces. 
consistent results, well 
documented and accepted 
methods, etc.), high consensus 

Moderate evidence (several 
sources. st>me consisteiKV, 
melhcxls vary and/or 
documentation limited, etc ), 
medium consensus 

Suggestive evidence (a tew 
sources, limited consistency, 
model.s incomplete, methods 
emerging, etc), competing 
schools of thought 

Inconclusive evidence (limited 
sources, extrapolations, 
incoiTsistent findings, poor 
documentation and/'or methods 
not tested, etc.), disagreement 
or lack of opinions among 
c.Nperts 
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1 Chapter 2: Climate Science 

2 Key Message Process: See KM# 1 . 


Key message 

#n/n 

The oceans are currently absorbing about a quarter of the carbon dioxide 
emitted to the atmosphere annually and are becoming more acidic as a result, 
leading to concerns about potential impacts on marine ecosystems. 

Description of 
evidence base 

The key message and supporting text summarizes extensive evidence documented in 
the climate science peer-reviewed literature. Technical Input reports (82) on a wide 
range of topics were also reviewed; they were received as part of the Federal 

Register Notice solicitation for public input. 

Work done by LeQuere et al. 2009 reported that the oceans currently absorb a 
quarter of anthropogenic CO 2 . Publications have shown that this absorption causes 
the ocean to become more acidic (Doney et a!. 2009). Recent publications 
demonstrate the adverse effects further acidification will have on marine life (Doney 
et al. 2012; Fabry et al. 2009; Gruber et al, 2012; Orr et al. 2005). 

New information 
and remaining 
uncertainties 

The key issue is to understand how future levels of ocean acidity Will affect marine 
ecosystems. Absorption of anthropogenic CO^. reduced pFI, and lowefcalcium 
carbonate (CaC03) saturation in surface waters, where the bulk of oceanic 
production occurs, are well verified from models, hydrographic surveys, and time 
series data(Orr et al. 2005). 

Assessment of 
confidence based 
on evidence 

Very high for trend of ocean acidification; low-to-medium tor ecological 
consequences. Our present understanding of potential ocean acidification impacts on 
marine organisms stems largely from short-term laboratory and mesocosm 
experiments; consequently, the response of individual organisms, populations, and 
commutiities to more realistic gradual changes is largely unknown. 

Given the evidence base and uncertaintjes, confidence is very high that oceans are 
absorbing a quarter of emitted C02. 
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r CONFIDENCE LEVEL 

Very High 

T High 

Medium 

Low 

Sirong evidence (estabiislied 
theory, imii{iple:Sourcesy, :;^:-i 
coOvSistentresuits. wcl! 
documented and accepted 
meihodSj Ctc.). high consensus 

Moderate evidence (scvcnil 
. sources, some consistency. 

methods vary and/or 
. documeniatKm limited, etc ), 
medium consensus 

Suggestive evidence (a few 
sources, limited consistency, 
mtxlels incomplete, methods 
emerging, etc,), competing 
schools of thought 

Inconclusive evidence {limited 
sources, extrapolations, 
inconsistent tlndings, poor 
documentation and/or methods 
not tested, etc.), disagreement 
or tack of opinions among 
expeiis 
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